









ELECTRICAL 
ENGINEERING 















’ \ : . 
~ . ~ . “4 c. . oy? - — ba e ; 
; ‘ 4° d -~ 
1 + , oni ae? ae eg f aan 4 = age 
4 ge -F ve ’ . . / 5 hee ame pon Rn © -« ay > ~ << 3 * 
as* pes eo" or - ‘ ' PP ee as ta > < all r- ¥ 
Pie. — f . 2 on \é ~ es. ~ ie estat a, 7 
4 . , oi ase « am E . 
Pe re ae y pee? . 
- Pi | hy & “Hs - ~e, ns Ne ham s oe . 1 moat d <; + 
.¥ OP cg: op OB eg te tae Ng en oo BPD: ate <e, want 3 a 
- “ees aa tee “Pisa , “se Pe = 26S ' - Sod ‘ 
7 . gue sg . wx - - é - or a PrP 
* > . * 
how ~ > «. oS ‘ “4 ; | 
. * a SP ied fone + ® J _ 
#y ere. = » ‘ Oe ee a ae ) . er 
Mg in 5 _ is er . , ss =. < “ ° : - 
Pa . " i" 3. ¢ ie?” WP tg Om stadt ie a . . ae ce Si 
oo” od chet 1 : sage Se ea 
* # - = ai - 7 
* =— wee ® “9 + Ly ; 
az ol ‘<" Pe: “i m a “ a 
We tye o > gr a se a 
“~ ys ; a 1a a F ’ 
ont A, . Pe ‘gf of > 96 -- = 
tie cay a =p -~ nal 
é ~ . : 
te tage NOT ean 










oot aes 


C-L-X installs “‘as is’. . . eliminates the cutting, threading, and 


pulling operations necessary with conventional duct or conduit. J 


C-L-X is pliable...can be ‘-L-X is easily trained any- @ 


handled smoothly on a stand- jo sre, in continuous, long- 
ard size reel. length runs. 


‘-L-X installs without the C-L-X is versatile. It can be 


need for benders, sand, el- installed with clamps, in J 


bows, or similar fittings. trays or ladders, or directly 
buried in the ground. 


ELECTRICAL WELDING OF SHEATH 
OUTER ROLLER ELEC -TRODE > 
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How C-L-X is made. 


why it cuts installation cost to a fraction 


of that required for conventional cable 
and duct. Then find out how much 


C-L-X is available with plastic-jacketed 
sheaths of steel and with sheaths of 
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THE COVER: A microminiature 
integrated circuit binary full 
adder which uses as its active 
and passive elements unipolar 
field-effect transistors. A binary 
full adder is a computer circuit 
which adds three binary num- 
bers, X, Y, and a carry C from 
G@ previous stage producing two 
outputs, one for the sum and 
one for the carry which is fed 
to the next stage. Each of these 
binary numbers may be a O or 
a 1, the 0 corresponding to the 
pinch-off voltage and the 1 
near zero bias. The device uti- 
lizes direct coupled unipolar 
transistor logic involving both 
p- and n-type transistors in a 
complementary symmetry circuit 
train. The only passive elements 
are resistors in the form of 
self-biased unipolar transistors. 
The adder is fabricated of sili- 
con and mounted on a micro- 
module wafer 0.031 by 0.031 
inch in cross section. (Article 
begins on p. 488.) 
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Insist on complete to speed untanking... 


bring maintenance out into the open 


Unit construction of the JFR regulator simplifies untanking — 

brings all components and connections into full view! You make 

all internal inspections without breaking any electrical or mechan- CALI BAND 
ical connection. And you can operate the regulator for testing “TEST 


while the unit is untanked. 


More JFR maintenance cost-cutting features: Oil sight gauge lets 
you check oil level at a glance. Unidirectional breather removes 
moisture and gases formed during tap changes. Quick-break 
mechanism is simple, rugged with a minimum number of moving 
parts for long, maintenance-free life. Externally-mounted by-pass 
arrester offers positive, visual proof of series winding protection. 

Should yeu need a regulator replacement part — A-C maintains 
nationwide stocks. Specify Allis-Chalmers Regulators . . . call, 


write or wire your nearby A-C office. Exclusive CALIBAND control cuts control-setting time 
without changing customer voltage or line-drop com- 
Celibond is an Allis-Chaimers trodemork A-1419 pensator settings. 
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What's your problem? If you can solve it with a 


New Cutler-Hammer operator options provide top flexibility... 

world’s best oiltight limit switch 
For any use, anywhere, in any position . . . you just 
can’t buy a more reliable, longer-life switch. No write for Pub. ED-145-N228, 


spection. For full details on this complete new line, 


other switch is sealed more effectively . . . effective- For any electrical control problem, contact your 
ness we’ve proved under test conditions so rugged local Cutler-Hammer sales office or distributor. 
they will never be equaled in actual service. Even They'll supply you with the finest electrical com- 
the silver-to-silver contacts are visible for quick in- ponents, the finest service and technical help. 
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Many operator options, many special new features, including four position operator head 






limit switch, your best answer's here! 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer inc., Milwaukee, Wisconsin « Division: Airborne Instruments Laboratory e Subsidiary: Cutier 
Hammer international, C. A. ¢ Associates: Cutler-Hammer Canada, Ltd.; Cutler-Hammer Mexicana, S. A 





| | 



































DONT OVERLOOK 


THE MECHANICAL CHARACTERISTICS 
WHEN EVALUATING YOUR POWER FUSES 


Thermal and electrical characteristics right- 
fully deserve first consideration in evaluating 
power fuses, because the fuse must carry rated 
continuous current and interrupt rated short 
circuit currents to perform its primary function. 

But from an operating and maintenance 
standpoint, the fuse’s mechanical characteristics 
should not be overlooked. Here are nine of the 
most important features to conzider: 


1. OPERATING RING Can the fuse holder be 
easily disengaged from the latch? It is im- 
portant that the operator have complete con- 
trol over the fuse holder during the opening 
procedure. Southern States BPA and HPA 
fuses have full-circle operating rings to as- 
sure complete control. 


2. FUSE HOLDER REMOVAL Can removal or 
replacement of the fuse holder be accom- 
plished easily and simply? Special, cumber- 
some, rigs are objectionable to operating 


personnel. Southern States fuse holders are 
handled with a hookstick. 


3. SLEET HOOD Are the top contacts fully pro- 
tected from freezing rain, snow, or other 
foreign matter? Note the extra large hood 
on Southern States fuses. 


4. POSITIVE HOLDER GUIDE Will the fuse 
holder make proper engagement with the top 
contact, even when closing is made from an 
oblique angle? Southern States fuses are 
equipped with generous guide arms on the 
sleet hood to position the holder properly, 
regardless of side thrust. 


5. POSITIVE IDENTIFICATION After opera- 
tion, does the position of the fuse clearly 
indicate that an operation has taken place? 


cn e 


IN CANADA: DOMINION CUTOUT CO., LTD., TORONTO 


Southern States fuse holders swirg to a fully 
open position and can be easily spotted from 
a distance. 


6. SHOCK ABSORPTION After operation, does 
the fuse provide a sure means for bringing 
the fuse holder to a cushioned stop? Dam- 
age to the fuse mounting is prevented on 
Southern States fuses by properly designed 
snubbers. 


7. LINK PROTECTION When the fuse holder 
is slammed closed, is there some means to 
prevent overstressing the link? To avoid the 
possibility of rupturing a link, mechanical 
locks on the BPA and HPA fuses absorb 
force transmitted through the bottom hinge 
assembly. 


8. RESTORING SERVICE Is the fuse easily and 
economically restored to service after operat- 
ing? Fuses that require elaborate replace- 
ment components to keep them in service 
are not only costly, but burdensome to both 
supply and operating personnel. A simple, 
inexpensive fuse kit is all that’s needed to 
restore service with Southern States power 
fuses. 


SELF-LOCKING HINGE When the fuse op- 
erates, are the fuse holder and fuse mount- 
ing locked together? For safety reasons and 
to avoid possible damage to nearby equip- 
ment, Southern States fuses are equipped 
with self-locking hinges. 


Before you buy your next power fuses make 
certain they measure up in every respect. South- 
ern States BPA and HPA Power Fuses will. 


For complete details, consult your Southern 


States representative, or write direct to us. 





New and Improved Pro 


True RMS Recording Voltmeter .. . 


Model 2305 is a high-speed graphic 
recording voltmeter for measuring true 
rms, average or peak level of a-c sig- 
nals from 10 cycles to 200 kc, or from 
d-c to 10 cycles through an internal 


= 
se 


chopper. The recorder operates as a 
null-balancing electromechanical servo 
with six linear or logarithmic record- 
ing ranges of from 10 to 75 db. Major 
found in missile 


reliability in 


applications will be 
component testing foi 
noise and vibration, commercial pro- 
duct noise and vibration control, and 
in calibrating transducers and elec- 
tronic devices. B & K Instruments, Inc., 
3044 W. 106th St., Cleveland 11, Ohio. 


Epoxy Solder. . 


\ silver conductive epoxy with re- 
sistance closely approaching metals, or 
between 0.01 and 0.001 ohms-—centi- 
meters, has the dual advantage over 
solder or brazing in that it can be ap- 
plied at low temperatures fo1 heat- 
sensitive components and contains no 
flUx or residue to contaminate the 
parts. Ideal for field repair work, par- 
ticularly on crowded printed circults, 
the epoxy is available in two paste 
forms curing at 125 C and room tem- 
perature. Epoxy Products, Inc., 137 
Coit St., Irvington, N. J. 


Oscilloscope Cart... 


Type 200 Series Scope-Mobiles pro- 
vide a convenient, mobile support for 
Fektronix oscilloscopes and auxiliary 
equipment. Featuring an easily-adjust- 
able tray, they can be tilt-locked in any 
one of nine positions. Available in two 
models, the 20/ has a tray width of 
1014 inches to accommodate medium- 
size oscilloscopes, while the 202 has a 
ray width of 14 inches to accommodate 
large units. Tektronix, Inc., P. O. Box 
500. Beaverton. Ore. 
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Transformer Tester... 


Type GCT-1 Uniload transformer 
tester was designed to test instrument 
transformers within 34 ranges of from 
5 to 6,000 amperes. As a complete test- 
ing facility offering convenience and 
safety, the equipment contains a heavy- 
duty current loading transformer, a 
multirange 
former standard, built-in ASA standard 


precision current trans 
burdens, and a_ panel-mounted com- 
parator for reading ratio error and 
phase angle directly trom dials. Knopp, 


Inc., 1307 66th St., Oakland 8, Calif. 


Rail Car Control... 


Under development for the past 
3 years, this transistorized control fo1 
rapid transit and commuter type rail 
cars offers increased reliability, reduced 
maintenance down time, and contains 
one-third fewer moving parts. Key fea- 
ture of the unit is extensive applica 
tion of static components in place of 
interlock and relay contacts in the con- 
trol circuits. Components are mounted 
on plug-in assemblies to make inser- 
tion foolproof. General Electric Co., 
Schenec tady 5, N. Y. 


New Transformer Line . . 


Utilizing a_ lightweight design 
which allows a big boost in kva_ pole 
mounting capabilities, these new trans- 
formers in ratings of 250, 333, and 500 
kva represent weight savings for each 
for the 
higher kva rated unit and 20° for the 


two lower rated ones, and a 12% 


of 50°,, loss reductions of 32% 


higher kva operation without sacrific- 
ing service life. Kuhlman Electric Co., 
Birmingham, Mich. 





ucts... 


Portable Drawing Instrument... 


The Polyangle provides complete 
drafting facilities anywhere for accu- 
rate field sketching or drawing to scale, 
yet it is pocket size when folded in its 
carrying case. When attached to the 


sides of a pad, the main scale slides to 
provide parallel horizontal lines, while 
the spring-loaded angle arm can_ be 
snapped into increment positions of 
from 30 to 150 degrees above or below 
the horizontal. Country Engineering, 
Inc., 20 Blueberry Lane, Darien, Conn. 


Miniature Hearing Aid... 


This transistor hearing aid is so 
small that microscopes are required in 
the assembly of its miniaturized parts. 
Weighing only 4% ounce with battery, 
the instrument can be worn with al- 
most complete unawareness on the 
part of the user due to the absence of 
bulk and weight. Capable of being 
modified to attenuate high or low fre- 
quencies, the Signet features a separate 
on-off switch that will not disturb a 
preset volume control adjustment. 
Zenith Radio Corb., 6001 W. Dickens 
Ave., Chicago 39, Il. 


Positive Relay Operation... 


Aiming for an increase in relay re- 
liability by greatly increasing initial 
contact MagTrak assures 
positive contact even when voltage is 
low and contact points have become 
contaminated with surface film. This 
is achieved by addition of a soft iron 
bead on the moving pointer and the 
addition of a permanent bar magnet 
assembly on each adjustable index 
arm. When the pointer reaches the 
control point, the bar magnet pulls in 
the pointer and moving contact against 
the flexible arm contact with a rapid 
snap-wipe action. Daystrom, Inc., Wes- 
ton Instruments Div., Newark, N. J. 

(Continued on page 26A) 
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PIONEERING 


AT BELL TELEPHONE LABORATORIES 


In such an open field as this Dr. Karl Jansky of Bell 
Laboratories opened the way to radio astronomy. His 
search for a mysterious source of radio noise led him—and 
us—to the stars for our answer. 


Today Bell scientists continue their pioneering in many 
fields—among them the transmission of human voices on 
beams of coherent light. Bell Laboratories’ revolutionary 
Optical Maser foreshadows the use of light as a whole 
new medium of telephone, TV and data communications. 


These are but two of the many fundamental Ome 

° : 8 

advances which have come from breaking fresh § i 

grounc ai the world center of communications wu! 
research ana development. 
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of %4-mile length, radiate from this sta- 
tion in the center of the Apple Grove test “system.” Each 
of the lines uses a different conductor arrangement, to 
permit simultaneous energizing and comparison—under 
identical atmospheric conditions—of radio influence and 
corona loss measurements. The 750 ku bus structure is 
supported by Lapp Station Posts, with bus clamps and 
grading devices designed, tested and produced by Lapp. 
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—Philip Sporn, March 28, 1960 


On June 22, 1961, the Governor of West Virginia 
closed the switch, the lines were energized, and a 
three-to-five year testing program of transmission 
at 750 kv was begun, co-sponsored by American 
Electric Power Service Corp. and Westinghouse 
Electric Corp. Lapp Insulator Co., one of six other 
manufacturers participating, is proud to have 


been able to contribute its technical and produc- 
tion facilities to the design, testing and manufac- 
ture of insulators, corona control devices and 
other hardware for this project. As a result, Lapp 
is now qualified to supply such material, of known 
characteristics, for transmission line and substa- 
tion use at any presently-contemplated EHV. 


(below) for suspension point of four-bun- 
dled conductor. Novel configuration provides effective shield- 
ing in a compact, easily assembled, economical design. The 
small insulators isolate lower conductors, for test purposes. 





(left) of 6” IPS 
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tubular conductor for i ‘ 
corona-RIV_ charac- F = 
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such tests conducted * -_ 
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2100 Bit Station Post support (right) for 
four conductor bundle. 

insulator—no additional grading required. 
Closeup (below) shows method of nesting 
bundled conductor around head of 

Station Post insulator. Sharp edges on clamp 


spacers within the bundle do not produce 
radio noise. Small 5 kv Posts isolate the 





EXPERIMENTAL grading device for shield- 
ing V-string suspension assemblies. 
This design was later abandoned in 
favor of a more simple configuration. 


LAPP’S PART 


in Apple Grove Test Project 


TRANSMISSION: Insulators, clamps and 


grading devices for one of the lines—de- 
signed, tested, and supplied. 


STATION: 2100 BIL Station Post insulators, bus 
clamps, grading devices, and transition de- 
vices for connecting rigid bus to flexible four- 

Mee PSs sted. < ‘ : TRANSITION DEVICE (above) for coupling 6” IPS 

bundled bus—designed, tested, and supplied. tubular conductor to flexible bundled cond 
shielded with double ring assembly on lejt. Grad- 
bus. c s ing ring assembly on top of Station Post shields 

LABORATORY TESTING of bus, clamps, both the insulator and the 4-bundled flexible tap. 
couplings, connectors, cable splices, dead- 


end clamps, T-taps, and INDOOR, metal-shielded, light-proof laboratory (be- 
: - fittings low) houses facilities for 60-cycle testing to 1,050,- 

a 000 volts . impulse generation to 2,250,000 volts 

_ high-current testing to 10,000 amps... and RIV 

measurement at voltages across the specimen to 

600 kv. Here Lapp engineers designed and tested 

grading devices, clamps and other hardware now 

in service at the 750 kv Apple Grove test project site. 








1 TIME DELAY 


Limit Switch 
Bulletin 802T 





TIME DELAY 


Push Button 
Bulletin 800T 


ae 


Adjustable From 1 to 15 Seconds 


This new Allen-Bradley development should solve 
such occasional problems where, upon the operation 
of the push button or limit switch, a slight time delay 
should occur. Time delay is adjustable up to 15 
seconds —and it can also be introduced when “‘stop- 
ping” the operation — but not in both the “starting” 
and “stopping” cycle. 

Both push-button and limit switch are relatively 
low in cost—ideal for applications where a delay of 
only a few seconds is desired, and where the repeti- 


ALLEN -BRADLE 


Member of NEMA 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


tive accuracy of the Allen-Bradley Bulletin 849 time 


- delay relay is not necessary. Both units have single 


pole, double break contacts—either normally open 
or normally closed. They are no more difficult to in- 
stall than the corresponding units without the time 
delay feature. 

Machine tool and production system designers 
should have full information in their files on these 
new Allen-Bradley time delay push buttons and limit 
switches. It is yours for the asking. Write today. 


QUALITY 
MOTOR 
CONTROL 
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Another outstanding 
development by the 
Makers of BUSS fuses 


TRON © 
FUSES 


Sub - miniatures — hermetically sealed Body size only .140 x .300 inches 





For Use Where Space is at a Premium 


Tron fuses are so small they can easily be 
used as an integral part of circuit—to protect 
miniaturized devices=—or gigantic multi-circuit 
electronic devices — without sacrifice of space. 


Fuse elements hermetically 
sealed. Tron fuses may be potted or 
encapsulated without danger of sealing 
material affecting operation. They are 
not affected by atmospheric conditions. 
They are designed for installation in high 
shock and vibration ambients. 


They are self-protecting and operate 
without exterior flash or venting, so 
they can be installed anywhere in 
the circuit. Likewise, they may be 
teamed in one capsule or replaceable 
unit with such components as resistors 
or condensers. 


Available in ratings from '/20 
to 5S amps. for use on circuits of 
125 volts or less where available fault 
current is not over 50 amps. Color cod- 
ing indicates ampere rating and assists 
in final inspection of fused circuits. 

Made with Axial pigtails that are 
adapted to feed through automatic wire 
forming machines — or with right angle 
pigtails conveniently spaced for assem- 
bly on printed circuit chassis. 


Get the full story: — 
Write for BUSS Bulletin TRON 


In the BUSS line, 


you'll find the type and size fuse to fit your every need 
.-. plus a companion line of clips, blocks and holders. 


VOSS 


TRUSTWORTHY NAMES IN 
ELECTRICAL PROTECTION 


SAsein ; VR nA 


BUSSMANN MFG. DIVISION, McGraw-Edison Co., 
UNIVERSITY AT JEFFERSON, ST. LOUIS 7, MO, . 
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MBVYIBOSS .. 


Signal Indicating - Alarm Activating 
GMT Fuse & HLT Fuseholder 


FPO SOS OS COS E CSCO SH BEL OERSE eeeteanetanenuna 


Actual Size miniature design 


permits multiple mounting of fuses in 
limited space. Fuseholders can be 
mounted on % inch horizontal centers. 


Fuse and holder combin- 
ation readily adaptable 
for use in equipment oper- 
ating at 300 vo!ts or less, 
such as: communication 
equipment, business ma- 
chines, computors, con- 
trol equipment or other 
multiple circuit appara- 
tus where space is at a 
premium. 
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Indicating spring flashes color-coded 


flag when fuse opens 


to give quick, positive identifi- 
cation of faulty circuit. 


Indicator spring also makes con- 
tact with an alarm circuit so, it 
can be used to flash a light—or 
sound audible signal on fuse panel 
or at a remote location. 


Ask for bulletin GMCS on BUSS 
GMT fuses and HLT holders. 


Another outstanding 
development by the 
makers of BUSS 
Fuses. 
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in the BUSS line, 


you'll find the type and size fuse to fit your every need 
... plus a companion line of clips, blocks and holders. 


TRUSTWORTHY NAMES IN 
66 Vg a. ELECTRICAL PROTECTION 


BUSSMANN MFG. DIVISION, McGraw-Egison Co, UNIVERSITY AT JEFFERSON, ST. LOUIS 7, MO. 
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Want to find the coefficients? It’s easy with the 
new Regression Analysis program for the IBM 1620 


Here’s another program offered free-of- 
charge to users of the IBM 1620 Data Proc- 
essing System. It gives you the kind of 
results you might expect only from a much 
more expensive computer. But users of the 
1620 know that its low rental cost is decep- 
tive. The 1620 packs more computing power 
per cubic inch than any other computer in its 
size range. 

The Regression Analysis program is a 
good example. Suppose you want a fit for 
production purposes. If you employ more 
than two variables you probably have diffi- 
culty visualizing the representation of your 
data. If linearity is not the case, you must 
often guess blindly at a polynomial of high 
degree, accept or reject the fit with some- 





> 


thing approaching a sixth sense, and either 
try again or settle for the results you have. 

The new Regression Analysis program lets 
you handle expressions containing up to 24 
variables. If you have the even more com- 
plicated task of handling many dependent 
variables, the program will generate regres- 
sion coefficients with a maximum number of 
dependent variables not exceeding one-half 
the number of independent variables. 

This program will also fit non-linear func- 
tions and hyper-surfaces. Compare this per- 
formance with that of any other computer in 
the 1620’s price range. 

A basic 1620 installation rents for just 
$1600 per month. For details, contact your 
local IBM Representative. 
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IBM's 1620 is a compact 
desk-size computer. 
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Now... Metal-Clad Switchgear 
from MOLONEY 


After Several Years Of Intensive Research, Moloney Introduces Its 5 
And 15 KV Metal-Clad Switchgear Line To Meet The Needs, And 
To Minimize Problems In The Field. Smallest, Most Compact In The 


Industry . .. Easy To Install And Maintain. Creative Break- 
Throughs In Design, Material Application And Manufacturing 


Techniques Result In ( Jutstanding Performance, Substantial Savings. 











Moloney Metal-Clad Switchgear available for indoor or outdoor application, in all standard breaker ratings. 








3S and 15 KV Production Units of Moloney 
Metal-Clad Switchgear Pass All Tests* Successfully 
. Certifying High Efficiency Performance 










Moloney’s decision to enter the switchgear field posed a formidable 
task: to formulate a creative, new approach to design and manufacture 
in addition to amplifying the desirable characteristics of switchgear 
previously available. These objectives dictated break-throughs in 
design, material application and manufacturing techniques. . . a fresh 
concept. 





5 KV, 75 MVA, 1200 Amp. 15 KV, 500 MVA, 1200 Amp. 


*KEMA Interrupting Test data available on request. 














Benefits of Moloney Metal -Clad Switchgear: 


® Superior circuit Protection performance. 


® Efficient use of all materiais, resulting in economic 
benetit to the customer. 


Specialists, available to the industry, whose sole 
Purpose is to help in the solution of circuit protec- 
tion problems. 


® Broadens your tield of selection. 


The electrical industry has known the Moloney tradition of ex- 
cellence for almost three quarters of a century. The same high 
Standards ... the same “tradition of exce/lence’’ is embodied 
in Moloney Metal-Clad Switchgear. 


Exclusive and Distinctive Features 
Moloney Designed and Developed 
COMPACT SIZE—NEMA Standard Moloney 5 and 15 KV Metal-Clad 


Switchgear requires smallest installation space. Typical 5 KV cubicle is 


26" wide, 58” deep and 63” high. Typical 15 KV cubicle is 36” wide, 85” 
deep and 75" high. 





EXCLUSIVE CONTACT DESIGN—Extremely high blow-on forces are ob- 
tained on both the arcing and main contacts. Arcing contact blow-on 
results from the geometry of design. Main contact blow-on is attained by 
means of a slotted block between the primary conductor and the station- 
ary contacts which directs current flow in a loop. This results in solid 
contact pressure... lengthening contact life. 





EXCLUSIVE PUFFER LOCATION—Hollow primary conductors permit 
location of puffer close to source of arc. Glass polyester puffer nozzle is 
stationary ... directs blast of air toward arc the moment contacts part. 





EXCLUSIVE PRIMARY CONDUCTOR INNERCOOLING—Innercooling re- 
sults from hollow primary conductors which allow continuous circulation 
of air for best cooling of main current carrying components. 





EXCLUSIVE BLOW-OUT COIL DESIGN—High dielectric strength, com- 
pound-face wound, cast in place, blow-out coils assure efficient arc 
interruption over full current range. 





DUAL ARC INTERRUPTION—Series interruption arrangement splits arc 
for best arc control. 





BREAKER MOUNTED AUXILIARY CONTROLS—Conveniently located on 
breaker frame. No separate testing controls are needed. Trip mecha- 
nism is located perpendicular to direction of shock, preventing erratic 
tripping. Dual breaker safety interlocks provide maximum safety for 
personnel. 





ENCAPSULATED INSTRUMENT TRANSFORMERS— Modern space saving 
encapsulated instrument transformers are isolated from the breaker 
compartment. Encapsulated Current Transformers may be conveniently 
mounted on load and bus sides. 





COORDINATED INSULATION SYSTEM—Coordinated insulation system 
meets individual component insulation requirements. Molded track 
resistant glass polyester insulation is used on 5 and 15 KV gear. Por- 
celain is applied on 15 KV gear in critical dielectric locations. 





EXCLUSIVE STACK-FIRED BARRIER ASSEMBLY—Zircon arc chute bar- 
riers are stacked in uncured state, then cured and fused in one process 
to provide a mechanically stronger, more uniform, interrupter assembly. 





INTER-PHASE ISOLATION—Glass polyester insulation gives positive 
electrical isolation between phases. Magnetic cores afford magnetic 
isolation between phases. 





ACCELERATED ACTION OPERATING MECHANISM—Solenoid actuated 
mechanism provides maximum torque at end of stroke to insure positive 
contact closing. 


*U. S. Patents Pending 
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Moloney Switchgear Production facilities at 4330 Geraldine Ave, St. Louis, Mo. 






“Establishment of Switchgear Division on the part of Moloney 
is, | believe, indicative of the company’s faith in the future of 
the electrical industry, and demonstrates our ability and willing- 
ness to accept broader responsibilities as a major independent 
supplier of capital equipment to the industry.’’ 









T. O. Moloney, Chairman of the Board 















“Our entry into the switchgear field reaffirms our position as 
a progressive company, with strong research and development 
resources for product innovation and improvement. The in- 
troduction of Moloney Metal-Clad Switchgear means that we are 
expanding our services to the industry, in addition to the spe- 
cific benefit of bringing fresh, creative thinking to bear on 
circuit protection problems.”’ 














J. J. Mullen, Jr., President 












“A blend of new engineering concepts and new production 
techniques, as incorporated in Moloney Metal-Clad Switchgear, 
brings into being a superior product at a competitive price. With 
the formation of Switchgear Division, Moloney Electric makes 
available to users, specialists whose sole purpose is designing, 
manufacturing and supplying Metal-Clad Switchgear of a quality 
level the industry has come to expect from Moloney.’’ 













D. E. Spackler, General Manager, Switchgear Division 











‘‘We have incorporated in our Metal-Clad Switchgear, engineer- 
ing concepts and material applications which represent creative 
contributions and technical advancements to the art and to 
the industry.”’ 







C. E. Mercier, Chief Development Engineer, Switchgear Division 






LITHO—U. S. A. 






Switchgear Division 
MOLONEY ELECTRIC COMPANY 








Manufacturers of Transformers and 
Switchgear for Utilities, Industry, and Electronic Applications 







4330 GERALDINE AVENUE, ST. LOUIS 20, MISSOURI 
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Business Trends... 


HERMOELECTRIC refrigeration, heating, and 
g| “seer generation will become a booming industry 
by 1965 with annual sales reaching over $425 million. 
By 1970, the annual sales will probably reach $3 
billion. This prediction was made by Dr. R. A. Bern- 
off, who is director of research, Materials Electronic 
Products Co., Trenton, N.]. 


ORE THAN $9 million in contracts have been 
M awarded by the Aeronautical Systems Division 
of the USAF Systems Command, Dayton, Ohio, to the 
GPL Division of General Precision Inc. These will 
cover Doppler radar systems for late-type military 
aircraft. 


STUDY to investigate various methods of manned 

transportation between the earth and_ the 
moon has been assigned to the Martin Co. by the Na- 
tional Aeronautics and Space Administration (NASA). 
Symbolic of the space agency’s program for the next 
10 years, the contract is for the study of launch vehicle 
systems for lunar exploration beyond the initial Proj- 
ect Apollo flight. 


ENERAL Atomic Division of General Dynamics 

Corp. has received a contract from the Rome, 
N. Y., Air Development Center for research into the 
production of very-high-frequency alternating current 
by direct conversion of heat into electricity. The pro- 
gram will include the study of conditions under which 
the cesium cell produces a-c at frequencies of 50 mc or 
higher. 


HE International Temperature Scale was revised 
T at the 1Ith General Conference on Weights and 
Measures in Paris last October. No values of tempera- 
ture have changed but the triple point of water (0.01 
C) has replaced the ice point as one of the six defining 
points on the scale. Others are the oxygen point 
(—182.97 C), the steam point (100.0 C), sulfur point 
(444.6 C), and the freezing points of silver and gold, 
960.5 C and 1,063 C, respectively. 


ETWEEN 1954 and 1958, expenditures for re- 
B search and development in colleges increased from 
$410 million to $736 million. The scientists and engi- 
neers engaged in this research were in the life sciences, 
47%; physical sciences, 26%; engineering sciences, 
17%; and social sciences, 10%. 
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STABLISHMENT of te first transistor manu- 

facturing company in {: ia was announced by 
the Raytheon Co. Semiconductors Private, Ltd. is 
located in Poona, India, and it is planned to produce 
there transistors and diodes by the end of 1961. 


HAIRMAN of the Atomic Energy Commission 

G. T. Seaborg announced that 175 grants total- 
ing $1.950 million have been awarded to 165 educa- 
tional institutions for purchase of laboratory equip- 
ment to expand their curricula in the life and physical 
sciences and engineering related to nuclear energy. 


WO GRANTS, totaling $62,000, for the experi- 

mental development of a system to produce tape- 
recorded books for the blind were announced by the 
Council on Library Resources, Inc. Should the pro- 
posed system be feasible, the cost of providing record- 
ings for the blind will be reduced as well as the cost 
of storing and handling; “‘readings” will be easier, and 
the recordings will be better and more durable. 


HE Electronics Industries Association has an- 

nounced that the factory sales of television picture 
tubes has increased from $14,395 million to $18,771 
million in March 1961 over the previous month. Re- 
ceiving tubes showed an increase of over $8 million 
for the same period. 


PROPOSED set of more precise technical defini- 
AS for English-speaking communication engi- 
neers from several countries was presented at the Fifth 
National Symposium on Global Communications. 
H. H. Smith of ITT Communications Systems, Inc., 
Paramus, N.J]., said that the technical language of 
English-speaking communication engineers working on 
transmission systems has developed independently on 
both sides of the Atlantic for more than 30 years and 
that often interchanged terms and methods were un- 
familiar or misunderstood. 


HE Collins Radio Co. has been awarded $3.3 mil- 

lion in contracts for the purchase of airborne 
distance measuring equipment (DME) by seven air- 
lines, aircraft owners, and an airframe manufacturer. 
Eastern, Delta, Northeast, Pacific Southwest, Pan 
American, Trans World, and United are the seven 
carriers which have placed orders for DME to be used 
aboard jet airliners. 
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at Are Microsystems? 


H. W. HENKELS 
MEMBER AIEE 


The complexity of modern electronic systems has 
brought about urgent needs for increased reli- 
ability and major reductions in size and weight. 
Microsystems present solutions to these require- 
ments. Beyond providing answers to the immedi- 
ate problems, microsystems will revolutionize 
systems engineering and manufacturing design 
procedures and tend to encourage standardiza- 
tion of basic subsystems. 


I THIN the past few years, greatly increased em- 
phasis has been placed upon the design of ele 


tronic systems incorporating major improve- 


ments in reliability and decreases in size and weight. 


Ihe pressure for such improvements has come from 


the enormous complexity of modern systems in both 
industrial and military applications. For examples, the 


electronic components in the large digital computers 


and the proposed B-70 aircraft system number in the 


hundreds of thousands. It is a tribute to the intensive 


eflorts on reliability test programs within both the 


components and systems industries that such complexes 


operate at all 


\s systems requirements have advanced, the state of 
the art of active-device manutacture has kept pace with 


i succession ol 


new components as indicated, since the 


advent of the transistor, by type names such as point- 
} 


contact, alloyed, base-diffused, surface barrier, double- 


diffused mesa, and, quite recently, epitaxial and planar- 


diffused. Similar advances have been made in the manu 


facture 


ol passive components of increased stability and 


ecise temperature coefhcients, in both conventional 


nd thin-film structures. To meet the reliability, size, 


and weight requirements for future systems, attention 


has turned to the integration or aggregation of both 


active and passive parts in functional subsystems, gen- 
erally indivisible by the user. The term “‘parts’’ is em- 
ployed in both the sense of distinguishable or separate 


sections and in the sense of segments or elements of a 


continuous whole. Such assembly of parts has decreased 


weight and size of the resulting subsystem by consoli- 


dation of support members and elimination of empty 


spaces in the assembly 


[he distinguishing and common characteristic of all 


these subsystems is their smallness; hence the generic 


term “microsystems.” 
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This special issue of Electrical Engineering is devoted 
to a review of the needs for microsystems and a presen- 
tation of a variety of approaches to their construction 
and application in both military and industrial equip- 
ments. 

In brief, microsystems range from those using discrete 
but miniaturized active components and thin-film pas- 
sive components (where possible), to those employing 
hardly distinguishable active and passive regions within 
single semiconductor structures. An arbitrary division 
into three basic types of microsystems is possible. The 
types are: (1) Those in which distinct ac tive and passive 
but miniaturized forms 


components in conventional 


are employed; (2) Those in which distinct active and 
passive components are used, but one or the other or 
both of these are in novel forms (for example, thin- 
film resistors or transistor structures in unique encap- 
sulations); and (3) Those in which distinct active and 
passive components are absent, the functions being per- 
formed in single semiconductor structures. The large 
scope of microsystems encompasses the activities of 
many segments of the electronics industry, including 
manufacturers primarily interested in systems assembly 
(types | and 2); those involved in passive component 
manufacture (type 2), and those in the transistor busi- 
ness (types 2 and 3). The many attacks result not only 
from local variations in processing techniques but, more 
important, trom different appraisals or rathe complex 
problems of predicted design flexibility and reliability, 
manufacturing yields, and market acceptance, The same 
factors influence the complexity of the subsystems pro- 
duced and sold as separate microsystems entities. 
from the users’ standpoint, the introduction of mi- 
crosystems will revolutionize systems engineering and 
manufacturing design procedures, inventory, 
field The 
changes will come basically from the reduction in flexi- 


parts 


stores locations, and servicing methods. 
bility occasioned by the incorporation of larger and 
more complex subsystems of complete systems within 
microsystems, the internal constituents of which are in- 
accessible to the user. 

While at first glance the reduction in flexibility may 
seem to make more difficult the optimum design of any 
system, the benefits that will accrue in standardization 
of parts, these superior by reason of standardization and 
volume production, will far outweigh the deficiencies 
as far as engineering design is concerned. 

With microsystem designs established, the problems 
of parts inventory, stores locations, and field servicing 
are certainly drastically reduced. The microsystem revo- 
lution will certainly have a large effect upon our do- 
mestic economy and our defense position. 
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The Need for Microsystems 


H. V. NOBLE 


There has been an ever-increasing need for 
smaller and smaller, yet more and more reliable 
electronic equipment and components. In _ this 
article, some of the important aspects of the 
evolution of microsystems are considered. 


INCE the beginning of World War II, there has 

been increasing pressure on the part of the mili- 

tary to make electronic equipment smaller and 
smaller. There were perhaps two major reasons for the 
trend; the first being the need to put more and more 
capability in essentially the same size weapons and 
weapon carriers and the second, the ability of American 
industry generally to fulfill this need. However, along 
with the decrease in size there came a demand for an 
increase in performance. Hence, the equipment manu- 
facturer was doubly pressed. 

The needs for miniaturization were partially met first 
by the miniature tube, then by the subminiature tube, 
and finally by the transistor. The pressure for both size 
reduction and increased performance decreased—and 
then eliminated entirely—the safety factors conscientious 
engineers normally incorporated in their designs. This 
practice, as was to be expected, brought on a rash of 
unreliability, so much so that every scientific symposium 
for years had to include a session on reliability. Dur- 
ing this period, almost everyone talked about relia- 
bility but almost no one really did anything about it. 
At first, there was not much that could be done, other 
than by evolutionary improvements in electronic com- 
ponents and by cranking back into designs the safety 
factors earlier removed. This meant larger equipments 
with reduced performance, which the customer would 
not accept once he had become accustomed to minia- 
turization. As a matter of fact, there was an increase 
in complexity of machines such as guided missiles and 
aero-space vehicles which demanded even further size 
reduction and increased performance. The missile re- 
quired an absolute maximum of reliability for a rela- 
tively short period of time while the space vehicle 
needs a very high reliability for a long period. Unlike 
normal surface or air-borne vehicles, missiles and space 
vehicles, once launched, continue to the end of their 
mission without further opportunity for maintenance. 

Today’s manned aircraft and those of the future 
must have a high performance and speed of operation 
that can be met only by very complicated electronic 
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equipment. Guided missiles once launched must there- 
after guide themselves, search out their targets, and ig- 
nore decoys. Once the targets have been identified, the 
missiles must control their path of flight until they 
reach their objectives. Thus, very sophisticated high- 
speed computers are a necessity. The cost of getting 
satellites into orbit must be offset as much as possible 
by maximum performance for a long period of time. 
The ratio of payload weight to gross launch weight may 
be as small as one to a thousand. From an economic 
viewpoint these launching vehicle pounds are very ex- 
pensive indeed when one considers both the cost of the 
vehicle as well as the rest of the launching system. 

Thus, a 10-to-l1 reduction of payload weight may 
well reduce the cost of the whole system to the point 
that there is an over-all reduction in cost to the tax 
payer. This cost reduction incentive can make micro- 
miniaturization very attractive indeed. 

The small size that can be attained by using micro- 
miniature conventional component parts such as tran- 
sistors, capacitors, and the like, or the so-called solid 
circuits or molecular electronics, practically precludes 
use of human operators during fabrication, and makes 
automation a necessity. Although very costly at the 
start, automation should improve reliability tremen- 
dously, possibly to the point where the over-all cost of 
a system might be less than that of systems using con 
ventional components. For example, a satellite having 


a dependable life of one year could justify a consider- 


ably greater initial cost than one that would operate 


only a month. 

In addition to weapons application, there is an in- 
creasing need to telemeter the mass of data from the 
human body to relay its responses and reactions under 
duress encountered in astronautical environments. The 
sensors and the data transmission apparatus must be 
sufficiently small that they themselves do not create an 
unfavorable environment. The biologists need even 
smaller apparatus in their experiments on animals. 
Here it is desirable that the subjects be unencumbered 
with a maze of interconnecting leads. Hence, a small 
transmitter with enough power to relay signals up to 
perhaps several hundred feet is a necessity. In the search 
for an understanding of the apparently sophisticated 
communication systems of nature’s small creatures, in- 
cluding even insects, still smaller electronic packages 
are required. Here is a real test for the microminiaturi- 
zation experts—perhaps a _ hypermicrominiaturized 
package to attach to a honey bee, for example, to de- 
termine its communication and navigation mechanisms. 

Another application of microminiaturization is in 
the bionics area. The self-adaptive bionic packages, as 
yet to be described, but which will undoubtedly contain 
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synthesized neural nets along with all the redundancy 
necessary to insure complete reliability will have to be 
small to fit into carriers of the 


extremely weapon 


future. They will need to have the ability to absorb a 
mass of data trom all types of sensors, to analyze and 
evaluate that which is pertinent and meaningful, and 
then to issue the proper control] signals in an extremely 
short interval of time, particularly, say, when two or- 
biting vehicles have a closing speed in excess of 30,000 


mules pel hour. 


It seems that the military must absorb the expense 
for making any great strides in the advancement of the 
state of the art, with commercial and civilian use capi- 
talizing on the progress at a later date. This increased 
use will bring about still further improvements and 
cost reductions which, in turn, will benefit the military. 
Thus, the microminiaturization programs now under 
way are just the beginning of an evolution which, in 
the final analysis, will bring great benefits to the whole 
electronic industry. 





Microelectronic Systems Engineering 


J. D. MEINDL 
ASSOCIATE MEMBER AIEE 


Several general requirements for microelectronic 

systems are most likely to influence the nature of 

the future product of the components engineer. 

These requirements are grouped under three 

main headings: power dissipation, topology, 
and reliability. 


RIMARILY because of the advent of semiconduc- 

tor devices, the past decade has witnessed consid- 

erable advance in the miniaturization of electronic 
systems. Although highly refined in certain instances 
(e.g., the Signal Corps micromodule program), a com- 
mon feature of past and present miniaturization efforts 
has been the interconnection by wires of various active 
devices and passive parts to form an operating circuit. 
it is increasingly apparent that future progress in mi- 
croelectronics will follow through mutual integration 
of devices, parts, and circuit. Thus far, in most micro- 
electronics programs, emphasis has been correctly placed 
on the technological problems associated with the fabri- 
cation of integrated structures. However, as various 
programs emerge from the preliminary technology de- 
velopment stage, it is evident that the time has arrived 
for further hardware development to be more firmly 
guided by syste 


In the 


m-generated performance requirements. 
past 


the circuit design engineer frequently 


has served to bridge the gap between components and 


systems engineers. In view of the forthcoming genera- 
tion of functional components or integrated circuits,!? 
the exchange of intelligence between components and 
systems specialists must be more direct. As one natural 


consequence of this exchange, the components specialist 
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will become more aware of microelectronic systems 
problems. It is the purpose of this article to discuss 
several general systems requirements which are most 
likely to influence the nature of the future product of 
the components engineer. Before proceeding further, it 
might be mentioned that the following list of require- 
ments is already subject to interpretation by two in- 
dividuals whose backgrounds are primarily component 
oriented, but whose recent experience in microelec- 
tronics has precipitated the viewpoint of this article. It 
will 
prompt component specialists, who currently comprise 
the bulk of the 
microelectronics per se, toward earlier and more fre- 


is the hope of the authors that their remarks 


technical manpower concentrated in 
quent consultation with systems engineers. 

For purposes of discussion only, it is convenient to 
group the subject systems requirements under three 
broad headings: (1) power dissipation, (2) topology, and 
(3) reliability. As the ensuing paragraphs indicate, a 
rather intimate relationship among these three areas 
necessarily prevails in a well-designed system. 


POWER DISSIPATION 
THE PROBLEM Of singular importance in microelec- 
tronics is that of power dissipation. Power dissipation 
directly affects the volume, weight, and packing density 
of electronic circuits through the temperature limita- 
tions of the circuit components. Dissipation affects 
equipment cooling and power supply requirements. It 
affects reliability through induced thermal stresses and 
through its deterrence of redundancy, 

In digital circuits, which are more amenable to mi- 
croelectronic techniques than continuous-wave circuits, 
the goal of minimum power dissipation is tempered by 
speed requirements, signal power levels, component 
tolerances, operating temperature ranges, energy source 
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characteristics, and noise levels. Considering the various 
classes of digital circuits, transistor circuits appear most 
generally useful. (Tunnel diode circuits are severe.y 
limited in application by tolerance problems and para 
metric diode circuits by transformer and high pump 
The 


circuit type favors a saturating circuit due to the de 


frequency requirements.) choice of a transistor 
creased circuit power dissipation and the economy of 


components compared to nonsaturating circuits.*-+ 
This discounts various types of clamped circuits as 


(CML). 


transistor—resistor logic (IRL), resistor 


well as current mode logi¢ Among the satu- 
rating circuits 
capacitor—transistor logic (RCTL), direct-coupled tran- 


(DTL) 


the choice depends on circuit power dissipation and 


sistor logic (DCTL), and diode-transistor logic 


its influencing factors and may vary for different sys 
tems. For example, IRL is not suitable for a system 
where a low speed limitation is objectionable. In such 


RCTI 


duced logical gain, the inclusion of 


cases, may suffice but only at the cost of re 


a capacitor, and 
added use of buffer stages to reduce transient coupling. 
DCTL should be 
high. Specifically considering the foregoing objections, 
DIL may be 


Within a restricted range, a direct relationship exists 


avoided if noise levels are relatively 


a suitable compromise, 


between saturating circuit speed and circuit power dis 
sipation.® As the speed of operation increases, powe) 
dissipation increases. The maximum speed is limited 
by the finite gain—bandwidth product of the transistor, 
and the minimum power dissipation is determined by 
the low current gain limitation of the transistor. Signal 
power levels are not generally basic in logic circuits; 
however, distributed capacitance loading greatly affects 
the signal level required for a given speed. 

It is clear that circuit power dissipation is minimized 
for close tolerances®* including tolerances for compo 
drift, and variation 


nent manutlactut ing, tempel ature 


and radiation effects, as well as tolerances for energy 
sources or power supplies. A trade-off of added dissipa- 
the 


tion for added tolerance is possible. As circuit 


power level required for tolerance compensation in- 


creases, it may become necessary to reduce the load of 
a circuit. To maintain equivalent logical performance, 
additional circuits may be required. Consequently, sys- 
tem complexity may increase as a result of component 
and power supply tolerances. 

\ functional component is subjected to both exter- 
nally generated noise and internal crosstalk effects. The 
major effect of noise on power dissipation results from 
Only a that 


considers shielding, interconnections, and circuit top- 


external noise. careful systems analysis 


ology can predict the circuit power level necessary to 
withstand external noise. Internal crosstalk is not fun- 


damentally a function of circuit power dissipation, 


since decreased signal power results in reduced cross- 
the 


talk. The necessity for a detailed consideration of 


topological constraints imposed by internal interference 


is discussed in the following section of this article. 
Although it is valuable to compare individual func- 


tional components with regard to power dissipation 
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and its influencing factors, a proper comparison de- 
mands that complete logical subsystems employing dif- 
ferent types of circuits be analyzed. For example, low- 
dissipation gates with low output capability may be 
less desirable than a high-dissipation unit with good 
driving capability. 


TOPOLOGY 


IN THE PAST, circuit topology has been influenced pri- 
marily by electrical considerations, with thermodynami 
relegated to a secondary 


requirements position. In 


microelectronics, heat dissipation often may be the 


major consideration affecting 


> 


circuit topology due to 


increased packaging densities. Thermodynamic topol 
ogy investigations are acutely necessary in order to de- 
termine just how densely the integrated elements of 
microelectronic systems can be packed. Within an in- 
tegrated circuit itself, components must be positioned 
on the substrate in such a way that the temperature 
of each within allowable limits. Even 


part remains 


assuming improvements in low-power integrated cit 
cuits, reliability requirements will dictate that thermal 
microelectronic systems. 


stresses be minimized in 


The electrical topology of a microelectronic system 


must provide for maximum shielding against external 


noise and minimum stray coupling between internal 


elements to permit high-speed operation. In large sys- 


tems, signals must be transmitted over relatively long 
distances. Here, component size reductions and _ high- 
density interconnections can alleviate the transmission 
time problem by reducing distributed parasitic circuit 
elements and the lead length. Signal leads should be 
routed away from clock pulse lines to minimize cou- 
pling. Power lines should be shielded to avoid nearby 
circuit crosstalk. Especially at speeds above | me, circuit 
performance is strongly affected by topology and addi- 
tional constraints are placed on both circuit and system 
topologies. The use of local ground planes, also provid- 
ing shielding, may be necessary. To a larger extent than 
power dissipation and reliability studies, it is apparent 
that topological studies must be specific to particular 
fabrication techniques and materials, because thermal 
conductivities and geometrical form factors, conduction, 
and connection paths, etc., may vary considerably de- 
pending on the materials and processes used in the con- 
struction progress. The optimum topology for a given 
system will be affected primarily by the power density 
and bandwidth of the system. 

Although system topology is most affected by power 
density and bandwidth, interconnections per se have an 
extensive influence on topology. Especially in micro- 
electronics, advances in connectors have not kept pace 
with reductions in functional component size. In certain 
instances, recent packaging studies show that less than 
10°; of the over-all volume of an equipment is occupied 
by component cases; the remaining space serves to inter- 
connect the components, to support them physically, 
and to cool them. With connectors occupying much 
of the volume, it is evident that great opportunity 


for advancement lies in improving interconnection tech- 
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niques. The need for more reliable external interconnes 
tions between integrated circuits is likely to become in 
creasingly critical as the elimination of internal connec- 
tions advances through integration. Where interconnec- 
tions to terminal the com- 


apparatus are concerned, 


patibility of the microc lectronics portion of a system 
with such components as power transformers, rotary de- 
vices, antennas, and control panels presents unique 
problems. Power level incompatibilities, as well as re- 
quirements for protective devices in certain systems, may 
detract significantly from the benefits gained through 


partial microminiaturization, 


RELIABILITY 


SYSTEM drift and ca- 


tastrophic failure characteristics of the constituent parts. 


RELIABILITY depends on_ the 


Basic system reliability can be modified by employing 
redundancy and adaptive techniques. Circuit drift fail- 
ures are caused by component variations which occur in 
such a manner that terminal performance olf a circuit 
extends beyond its intended design function, In order to 
overcome drift failures, circuits must be designed to ac- 


commodate component tolerance margins of a certain 


value. The values of the margins are best obtained by 
caretul examination of manutacturer’s production data, 


The effect 


margins on the terminal performance of the cir 


statistical life test data. and experience data. 


t! 
Or trie 


mav be obtained by circuit analysis and experiment. 


previously stated, component tolerances are counter- 


by increased circuit power dissipation. Conse- 


quently, ordinary thermal stresses in the system become 


more s cre ind 


system complexity in terms of number 


of componei increases as drift tolerance is com- 


pensated. The latter factors influence the rate of Ca- 


failures wherein components can be 
rable 
} 


lation between drift and catastrophic failure in 


tastrophic failures 


considered inope 


and thus establish some degree 
Oot corre 


ystem. One may then postulate the existence of a drift 


tolerance margin which provides lor maximum system 


reliability, considering both drift and catastrophic fail- 


ure. The quantitative determination of this margin is 


an extremely complex problem of vital interest to both 


components and systems specialists 


Although drift failure can be virtually eliminated by 


designing for tolerance margins, catastrophic failure 


ordinarily can be reduced only by controlled manufac- 


turing techniques and careful design and derating proce- 


dures. Redundancy* appears to offer the most attrac- 


tive solution to the problem ol catastrophic failure. The 


optimum form to be taken by redundancy must be 


founded 


Phree 


dundancy, 


on a study of tailure mechanisms in a system. 


possible forms of redundancy are “standby’”’ re- 


logic level” redundancy, and “component” 
redundancy is the oldest and best 


redundancy. Standby 


known form. In this type of redundancy, a standby iS 
available for operation when the operating system fails. 
\ detection and transler device is required for failure 
detection and the subsequent changeover. In applying 
redundancy, the 


standby problem is to ascertain first 


the best level of system complexity for the application, 
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and then the necessary failure detection and changeover 
devices. Logic level redundancy is empioyed such that a 
logical decision is made to decide the correct output in- 
formation presented by several similar outputs. A major- 
ity vote is taken on the outputs to determine the correct 
output. This type of redundancy is in use in digital com- 
puters. Component redundancy is accomplished by util- 
izing a group of components to perform the function of 
a single component, If one component within the com- 
ponent group fails, the terminal characteristics of the 
group change but the group still performs its basic func- 
tion. This type of redundancy is likely to be of most 
concern to the microelectronic components specialist. 
The principal difficulty encountered is the demand that 
a circuit be able to withstand wide tolerance margins in 
the terminal performance of a redundant component 
eroup. It appears that the increasing complexity of mod- 
ern electronic systems demands the use of redundancy 
for the sake of reliability. Furthermore, through micro- 
electronics, the technical and economic feasibility of re- 
dundancy appears greater than ever before. 

\ powerful approach for obtaining reliability in 
sophisticated microelectronic systems is the use of adap- 
tive! or self-adjusting devices, which modify themselves 
in order to obtain optimum response from an available 
signal. Some means for performing this function are the 
gain control 


well-established techniques of automatic 
and automatic frequency control. Biological organisms 
with a degree of re- 


incorporate this ability high 


dundancy. 


CONCLUSIONS 


IN ASSESSING the merits and limitations of the various 


types of microelectronic hardware, in addition to the 
technological criteria, ordinarily considered by com- 
ponents engineers, it is well to consider additional per- 
formance requirements which are primarily system gen- 
erated. The more critical system requirements center 
around the factors of power dissipation, thermodynamic 
and electrical topology, and interconnections, as well as 
reliability, with special emphasis on redundancy. 
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Ampere-Turn Gain of Ordinary Saturable Reactors 


W. A. GEYGER 


FELLOW 


HE ampere-turn gain is a fundamental quantity of 
‘i ordinary saturable reactors. In the case of an ideal 
core material with a step-shape B-H characteristic (rec- 
tangular B-H line), the relation between load-winding 
ampere-turns /,;N, and control-winding ampere-turns 
I~Ne becomes a straight line, which for identical scales 
of ampere-turns subtends an angle of 45 degrees with 
the axes. Thus, in the idealized case, the ampere-turn 
gain represented by the slope of the control characteris- 
tic, 1;N;, = f(lcoNc), is Kat (I,N,)/UceNec) = |. 

Performance of saturable reactors is governed by the 
deviations of the actually measured control character- 
istic from the ideal 45-degree line. These deviations are 
due to deviations of the actual dynamic B-H loop of 
the core material from the ideal, rectangular B-H line. 
Therefore, the closer the approximation between actual 
and idealized B-H characteristic, the higher will be the 
performance of the saturable reactor. 

This fact is particularly significant with regard to 
“d-c instrument transformers,” which are based upon 
the inherent current-transformer properties of ordinary 
saturable reactors with rectangular-hysteresis-loop core 
material. Such arrangements make it possible to meas- 
ure large direct currents without the use of shunt resis- 
tors; and they permit measurement of high d-c voltages 
in such a way that the meter circuit is isolated from the 
high-voltage circuit, in accordance with conventional 
a-c instrument-transformer techniques. In these appli- 
cations, it is the object of the designer to reduce the 
imperfections of the saturable reactor to the minimum 
and to approach the ideal operating conditions (the 
45-degree line) as closely as possible. 

The basic requirement on a very close approximation 
between the actually measured control characteristic of 
the ordinary saturable reactor and the 45-degree line is 
also of paramount importance with regard to magnetic 
(Np) 
or self-saturation. In the relevant feedback diagram, 


amplifiers utilizing external-feedback windings 
g g 


which characterizes the principle of operation of the 
self-saturating circuits and of equivalent external-feed- 
back circuits with the feedback factor h, = N;y/N,; = 1, 


the ideal 45-degree line of the respective ordinary satu- 
rable-reactor circuit. In this case, the deviations of the 
actually measured control characteristic, /;N, = f(leNe), 
of the ordinary saturable reactor from the theoretical 
45-degree line are the basis of a simple transfer rule for 
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the graphical determination of the entire control char- 
— N,;. 

It is to be noted that the degree in which the charac- 
teristic [,N, 
with N, 


acteristic of an external-feedback circuit with N, 


f(I~>N,-) of an external-feedback circuit 
- N,;, approximates the theoretical 45-degree 
line is of decisive importance as regarding actual per- 
formance of “‘self-balancing’’ magnetic amplifiers oper- 
ating with infinite internal gain (‘critical regenera- 
tion’). As a result of the nonideal magnetic properties 
of core materials, the slope of this characteristic 1s 
always smaller than that of the theoretical 45-degree 
line. Thus, in practice it is necessary to increase the 
effective value of N; correspondingly, in order to reduce 
the control-winding current to the minimum. 

In view of these considerations, an experimental 
study on the ampere-turn gain of ordinary saturable 
reactors has been made. Actual deviations of the ordi- 
characteristic from the 


nary-saturable-reactor control 


ideal 45-degree line have been measured directly by 
means of a differential-type test circuit, using bifilar 
saturable-reactor windings, which secure correct turns 
ratio and eliminate magnetic leakage. Three magnetic- 
amplifier core materials (Silectron, Orthonol, and Su 
been this way, with 


permalloy) have investigated in 


various values of the effective turns ratio between d- 


control windings and a-c load windings. 


The results of these measurements make it evident 
that quite remarkable performance of d-c instrument 
transformers may be obtained by slightly increasing the 
effective ratio of primary to secondary turns and by 
applying a properly rated a-c bias circuit, which shifts 
the control characteristic in such an amount that the 
error-current values are minimized in the entire work- 
ing range of the saturable reactor. 

Discussion of the results of these measurements is 
also concerned with performance of the respective satu- 
rable reactor utilizing external feedback or self-satura- 
tion. In this case, the actually measured deviations of 
the ordinary-saturable-reactor control characteristic 
from the ideal 45-degree line (the “feedback line’’) be- 
come the very foundation on which such magnetic- 
amplifier circuits operate. These considerations include 
the typical S-shaped control characteristic causing bi- 
stable operation (‘‘snap action”). By applying the novel 
test method it is possible to measure, with a high degree 
of accuracy, the entire S-shaped path, along which the 
operating point of a bistable magnetic amplifier does 
actually move, when snap action occurs. 

It is to be noted that, in these investigations, the 
fundamental requirement of perfect full-wave rectifica- 
tion of the alternating load current (flowing through 
the load windings N,) is met by employing silicon- 
junction diodes having a low forward resistance and an 


extremely high reverse resistance. 
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Some Recent Developments 


in “Integrated Electronics” 


HARRY KIHN 


Integrated electronics is the new frontier in the 
development of the electronics industry. It char- 
acterizes microsystems in which the number of 
parts are considerably less than the number of 
equivalent components. Some of the steps in the 
development of microsystems leading to the 
process of integrated electronics are briefly 
described and illustrated by several working 
devices. 


HE HISTORY of radio and electronics has fol- 
lowed a pattern of discovery of key phenomena 
leading to devices and systems which produced a 
revolution in communication, entertainment, industrial 
control and military logistics. The invention of the vac- 
uum triode, followed by intensive activity in the theory 
of circuits, communications, and electromagnetics, and 
the development of multipurpose tubes was the revolu- 
tion which ushered in the age of radio. The second 
revolution occurred in the decade including the wat 
years involving the rise of new technologies such as tele- 
vision, military electronics, and the development of the 
transistor as one of many new solid-state active ele- 
ments. 
We are 


which is the result of the synthesis of physical research, 


now in the midst of a third revolution, one 
metallurgical engineering, and system design, leading to 
the development of microsystems. The frontier areas of 
microsystems, in which the number of parts are consid- 
erably less than the number of equivalent components, 
may be designated “integrated electronics.” This com- 
bines solid-state devices (semiconductor, magnetic, cryo- 
genic, and electroluminescent) with sophisticated sys- 
tems concepts to provide a combination of functions 
which are just the right size for most efficient accom- 
plishment of system requirements. These may include 
system optimization in the categories of reliability, per- 
formance, total cost, power-density limitations, size and 
weight. 

Integrated electronics arose several years ago as one of 
several approaches to the problem of miniaturization 
when the quest for reduction in the size of equipments 
by designing increasingly smaller conventional devices 
and components approached a point of diminishing re- 
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turns. This occurred at the stage where the associated 
circuitry, the supporting structures, and the space 
wasted due to the component form factor became, in 
the 
themselves. It is estimated that such a comparison on 


some cases, more voluminous than components 
the basis of utilized volume is less than 1/1,000 of the 
equipment space which, in an advanced computer, is 
essential to the performance of the task of computation. 
In Fig. | is shown a chart! of the trend of component 
and circuit miniaturization leading ultimately to pack- 
ing densities approaching that of the human brain. 
The initial phase of this new field is aimed at the re- 
duction and possible elimination of many metallic 
circuit connections, thereby reducing the volume con- 
sumed by the wiring or printed circuitry, the support- 
ing structure and the wasted space due to the compo- 
nent form The “Shift 


based on the thyristor principle, and the “Direct- 


factor. Register Transistor,”? 
Coupled Unipolar Transistor Logic” (DCUTL),® which 
are described herein, are two examples. In both cases 
several different device mechanisms are integrated into 
one single piece of semiconductor, whereby certain por- 
tions of the unit serve as circuit connections. Although 
this approach still incorporates clearly distinguishable 
component functions of the conventional type, the re- 
duction of equipment size is in the order of a factor of 
1,000 compared to the most advanced miniaturization 
schemes in current use. This is approaching the limit 
attainable with the known device functions of today. 

The ultimate and more sophisticated endeavor of in- 
tegrated electronics disassociates itself from the conven- 
tional component functions altogether, by introducing 
entirely different principles and concepts for the per- 
formance of complete electronic circuit tasks. New or 
already known physical phenomena, discovered by fun- 
damental research, are adapted to function, not as single 
components, but rather as integrated circuit aggregates. 

It is the purpose of this article to describe briefly 
some of the steps in the development of microsystems 
leading to the process of integrated electronics and 
finally to describe several working devices which have 
been developed at RCA under the integrated electronics 
program. 


THE MEGACODER 


ONE OF THE EARLY DEVICES which effected almost two 
orders of magnitude reduction in volume of an equiva- 
lent selective communication decoder was the ‘‘Mega- 
coder.’’* This is an experimental microminiature digital 
decoder which can be preset to respond to any one of 
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one million possible code combinations provided by a 
bipolar binary code. The selective calling capacity can 
be extended by the simple addition of identical micro- 
miniature modules. The Megacoder which occupied 
less than | cubic inch was incorporated in a pocket-size 
personal paging receiver so as to provide a personal 
paging system capable of selectively calling one million 
subscribers at rates greater than 5,000 calls per minute. 
Incorporated in the Megacoder is a single magnetic 
core-transistor shift register element, selective combina- 
tions of which perform the above coding function with 
less than 70 milliwatts of power. 

In Fig. 2 is shown the basic digital coding waveform 
indicating the subscriber capacity as a function of the 
number of pulses which correspond to the number of 
shift register modules. Fig. 3(a) represents the complete 
Selective Call Communication System including the 
FSK (frequency shift keying) 150-mc transmitter and the 
miniature receiver containing the decoder; the block 
diagram of the decoder is shown in Fig. 3(b). The 
schematic circuit diagram of the Megacoder is shown in 
Fig. 4, the system concept of which involves the use of 
transistor magnetic core circuitry which is amenable to 
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microminiaturization and extremely low power con- 
sumption. This is an asynchronous system in which the 
received pulse pattern is stored in a series of magnetic 
cores which have themselves a wired-in 2-polarity code. 
At the arrival of the wide readout pulse, both the re- 
ceived code pattern and the wired-in code are compared 
and if exact coincidence is present, an output pulse is 
generated which triggers an alarm or can alternately 
actuate any other type of control transducer. Fig. 5 
shows the basic modular element of the Megacoder oc- 
cupying a volume of 0.0175 cubic inch. The square loop 
hysteresis characteristic of the 0.080-inch ferrite core is 
an important feature of the shift and storage module. 


Fig. 6 is a photograph of the experimental Megacoder. 


MICROMINIATURE PPM 


AN EXTENSION of these techniques was made in the 
area of communication and telemetry links involving 
Pulse Position Modulation (PPM).° An experimental 
time-division multiplex system was built incorporating 
a microminiature modular transistor-ferrite-core ring 
both the transmitter modulator 


counter for and 


ceiver sampler. The pulse position modulation of the 


re- 


Fig. 1. Packing density of electronic components. 
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transmitter modulator results from the variable time 

triggering of a modular transistor-ferrite core pulse gen- 

erator by variation of either the transistor base voltage 

or the ferrite core coercive threshold. The sampling rate 

RECOG. PIN pea REcoG- FRING, — — used in the experimental system was 15 ke with an 
: STERVAC | -— upper limit set only by the high-frequency limits of 


INTERVAL ; 
| _SUBSCRIBER A 'NTERVAL | __ sugscriBeR B 
CODE ee 


CODE 

NUMBERS OF CODING PULSES N SUBSCRIBER CAPACITY = 2" 
16 
256 
16,384 
65,536 . oane 
1,048'576 power consumption was less than 200 milliwatts at the 
16,777,216 


both the transistor and ferrite core material used. Chan- 
nel crosstalk of better than —40 db was obtained and 


is further improved by reduction of repetition rate. The 
15-kc rate. The linearity was adequate for voice com- 


Fig. 2. Basic digital coding system. CODE 
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Fig. 3. Ula) left] Selective call communication system; [(b) right] paging system decoder block diagram. 
Fig. 4. (below) Schematic circuit diagram of Megacoder. 
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munication but could be further improved by proper 5 INDEPENDENT 
> ‘ b NPUT CHANNELS 
shaping of the modulation waveform to compensate for 
‘ 4 ‘ (a 
high order curvature of the hysteresis loop characteris- 9) 





tic. Fig. 7 shows both the modulator (a) and the de- . 


| MULT fFO* TRIGGER 
|VIBRATOR AND SYNC 
1 CLOCK GENERATOR 


modulator (b) block diagrams, and Fig. 8 shows the 
schematic circuit diagram of the modulator. The micro- 
miniature transistor-ferrite-core shift register which was 
developed for the Megacoder is used herein as a ring 
counter as well, and modifications of this circuit re- 
sulted in the development of the multivibrator clocks, 
and trigger and synchronizing pulse generators as 
shown. A photograph of the experimental microminia- 
ture versions of a multivibrator clock and a 3-stage ring (one Prana 
counter is shown in Fig. 9. = 
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>}GROUND Fig. 7. (a) Block diagram of modulator and (b) block diagram of de- 
SET OR modulator of an experimental time-division multiplex system. 
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MICROMODULES 


BOTH THESE SYSTEMS represent very early stages in the 
evolution of microsystems toward the goal of integrated 
electronics since they utilized miniaturized conventional 
components. The Micromodule®* program under the 
sponsorship of the Signal Corps sought to develop spe 
cialized and iterated components which could then be 


e) 


assembled to form microminiature circuits and, ulti- 
wg, ©. Capt meteter element of te Migqueeder. mately, subsystems. It was basically a new concept of 
electronic parts packaging utilizing microelements hav- 
ing standard dimensions of 0.31 by 0.31 by 0.01 inch 
and attaining component densities of approximately 
one-half million per cubic foot. 

In constructing a micromodule, the required mem- 
ber and types of microelements are assembled by stack 
ing them according to the desired circuit function, the 
assembly tested and then encapsulated to provide a solid 
compact body of 0.35 square inch and varying in length 
according to its content. These micromodules are in 
turn assembled in aggregates representing equipment 
subassemblies in various arrangements depending on 
subsystem application. 

In Fig. 10 are shown capacitive, resistive, inductive, 
and transistor microelements. One type of resistive 
module consists of four individual resistors made by 
vacuum deposition of nickel chromium alloy on both 
sides of a high-density aluminum substrate with values 


Fig. 6. Photograph of the experimental Megacoder. of resistance ranging from 10 to 100,000 ohms each, 
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Fig. 8. Schernatic of microminiature 5-channel PPM system. 
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itt power rating and a temperature Co- 


ss than 200 parts per million Multilayered 


modules consisting of an integrally fired 


] 


dielectric and have 


0.5 uf tor 10 


1) volts and a dissipation factor of 1.5. 


conductive elec trodes 


ittaining capacitles up to 


Other developed microelements include semicon 
ducto1 diode 


s, shilt registers, mechanical filters, quartz 


rystals, and semiconductor voltage variable capacitors. 
Fig. 11 illustrates an i-f amplifier module and Fig. 12, 


g 
a microminiature modular “fountain pen” receive and 
the conventional prototype which it replaced. Fig. 13 


shows the application of micromodule circuitry to a 
newly developed airborne stable platform that reduces 


pickup of stray signals, requires fewer slip rings, and 


Fig. 9. Microminiature versions of a multivibrator 


3-stage ring counter (right) before encapsulation. 


clock (left) and 
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SYNCH GENERATOR 


+ INFORMATION PULSES 
SYNCH PULSES 


improves system reliability. Extensive use olf micromod- 


ules is envisaged in airborne, spaceborne, and personal 


mobile equipment, in computers and similar equip- 
ments using large numbers of iterative devices. 


Since the micromodular technique has developed 


substrates capable of being automated, many sophisti- 
rn 4 


cated integrated devices, solid circuits and similai 


structures can be incorporated on the microelements as 
a supporting member. It can easily accomplish a com- 
plete circuit per microelement using both evaporative 
deposition and masking, by alloying, diffusion and 
epitaxial growth of semiconductor active elements. The 
shift register module to be described in the next sec- 


Fig. 10. View of capacitative, resistive, inductive, and transistor 


microelements. 
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Fig. 11. An i-f amplifier module. 


tion is an example of what has been attained and a 


hint of what the future holds for the micromodule 


technique. 


INTEGRATED SEMICONDUCTOR DEVICES 


THE NEXT STEP in the microminiaturization process 
was the integrated semiconductor device wherein active 
and passive components are incorporated in a single 
piece of semiconductor material with no interconnect- 
ing metallic leads. This type of device is capable of a 
packing density of 108 per cubic foot. The basic active 
elements used in the integrated device circuitry to be 


described are the Thyristor and Unipolar transistors.*. 
The Thyristor is a transistor which behaves much like 
a Thyratron capable of being triggered ON and OF! 
using low-power drive. It has a collector voltage drop 
in the neighborhood of 0.5 volt during conduction 
with a collector current rise and fall time of less than 
0.1 


acteristic 


usec. Because it exhibits a negative resistance char- 


within a well-defined range of current and 


voltage, it may be used as a bistable element to store 
one bit of information. Fig I4(a) shows the construc- 
tion, and Fig. 14(b) typical switching characteristics 
of the Thyristor. One stage of a Thyristor shift regis- 


ter depicting the evolution from a conventional to an 


a | 
& 
& 


CAPACITOR 


CONVERTER 


i 
CAPACITOR AND 
INDUCTOR 


Fig. 12. Microminiature modular ‘fountain pen'’ receiver (top) and 


conventional prototype receiver it replaces. 
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integrated circuit is shown in Fig. 15(a). This is a typi- 
cal monostable flip-flop circuit in which the low-current 
state is the stable state. A shift pulse drives the Thyris- 
tor to the high-current state producing a pulse which 
The 


constant long enough to store this state while the stages 


sets the next stage. R-C circuit should have a time 


are being readied to receive new information. 


In Fig. 15(b) the R-C circuit has been replaced by a 


semiconductor delay line consisting of a small bar of 


germanium. The shift pulse is applied along this bar 


and sends minority carriers from the ON down 


the 


stage 


bar. These minority carriers are collected at the 


end of the bar, delayed by the transit time, and serve 


to tigger ON the next stage. The complete shift regis- 
15(d), 


which show two versions: elements arranged in series 


ter may take the forms shown in Fig. 15(c) and 


and elements arranged in parallel. The parallel ar- 


rangement, although slightly more complicated, re- 


duces the shrinkage problem in fabrication. 


INTEGRATED LOGICAL CIRCUITRY 


As inte- 


grated circuitry is in the digital computing art, particu- 


JUST MENTIONED, the major advantage of 


larly in the logic area where thousands of iterative cir- 
cuits are required, such as shift registers, adders, gates, 


etc., and the characteristics of low-power and _ high- 


packing density makes this type of circuitry indeed 


ideal. Here the unipolai transistor lends itself to very 


efficient iterative integrated arrays. Fig. 16(a) shows a 


cross section of one version of a unipolar transistor with 


common nomenclature indicated. The resistance of the 


channel from the “source” to the “drain’’ may be varied 


by varying the “gate’’ voltage. When the gate is made 


negative with respect to the channel (source and/or 


drain), the junction depletion layer grows and en- 


croaches upon the channel, making it narrower. There- 


Fig. 13. Application of micromodule circuitry to a high performance 


airborne stable platform. 
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Fig. 14. The construction [(a) left] and typical switching characteristics [(b) right] of the Thyristor. 
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the evolution from a conventional to an integrated circuit; (b) 


(a) One stage of a Thyristor shift register depicting 


R-C circuit has been replaced by a semiconductor delay line 
consisting of a small bar of germanium; {c) elements arranged 


in series; (d) elements arranged in parallel. 
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fore the resistance of the channel increases, up to 100 
megohms. When the gate voltage is made less negative, 
the channel resistance decreases. The change in resist- 
ance for the dimensions given may be obtained from 
Fig. 16(b) which gives some typical characteristics of 
a unipolar transistor. The gate is characterized by a 
saturation current of much less than | microampere 
with the dimensions shown in Fig. 16(a). 

The unipolar transistor is in effect a voltage-con- 
trolled relay and may be used in this manner in build- 
ing logic circuitry. The requirements of the unipolar 
transistor element from different points of view such 
as speed of operation, miniaturization, ease of fabrica- 
tion, etc., are largely contradictory. While speed of 
operation favors germanium of relatively low resistivity, 
miniaturization favors silicon with relatively high re- 





LOCUS OF 
PINCH - OFF 
VOLTAGES 





DRAIN CURRENT Ip ma 








5 10 
DRAIN VOLTAGE 





Fig. 16. (la) left] Cross section of one version of a unipolar 
transistor with common nomenclature indicated; [(b) above] 
typical characteristics of unipolar transistor. 
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INTEGRATED BASIC 
BUILDING BLOCK 
COMBINING TWO UNI- 
POLAR TRANSISTORS 


(0) BASIC BUILDING BLOCK (b) 
DIRECT- COUPLED UNI- 
POLAR TRANSISTOR 
LOGIC DEVICE 


Fig. 17. (a) Basic DCUTL building block; (b) a second unipolar 
transistor may be substituted for the load resistance if channel 
width is made slightly smaller to obtain the correct resistance 
value. 


sistivity. Since the main goal of the work reported 
here is extreme miniaturization, silicon was chosen fon 
two reasons. First, the power developed per unit for 
given voltage and channel dimensions is proportional 
to the product of dielectric constant times the carrier 
mobility and is four to five times smaller for silicon 
than for germanium. Second, for given dimensions, 
silicon tolerates about three times higher temperature 
above the ambient than germanium and theretore three 
times higher heat flow. A further advantage is the fact 
that thermal conductivity of silicon is more than two 
times that of germanium. Silicon also allows higher re- 
sistivity at room temperature and therelore may allow 
a future reduction in power per stage. 
Using a silicon bar having a resistivity of 37 ohms 
per centimeter and of the dimensions given in Fig. 16 
The 
choosing 
-15 


1,000 ohms, and a bat- 


the ON resistance is approximately 2,000 ohms, 


OFF resistance can be made very high by 
a bias beyond pinch-off. If a pinch-off voltage of 
volts OFF, a load resistance of 
tery voltage of 15 volts is assumed, the gate bias values 
become —5 volts On. 

A second integrated device® utilizing the unipolar 
transistor is called the direct-coupled unipolar transistor 
logic, or DCUTL. 

Fig. 17(a) shows a basic DCUTL building block. The 
unit consists of a unipolar transistor with associated 
output and input load resistors. Since these building 
blocks are used in arrays consisting of large numbers of 
units in series and parallel, the output resistor of one 
stage may be the input resistor of the next stage. The 


value of the output resistor of the basic building block 


A— LOGIC 
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“J AND |- > — OUTPUT 
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LOGIC 
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p—/ RELAY SYMBOL 
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is not far different from that of the channel resistance 
of the unipolar transistor. 

A second unipolar transistor may be substituted tor 
the load resistance if the channel width is made slightly 
smaller to obtain the correct resistance value. The re- 
sistance of the unipolar transistor element is highly non- 
linear, which is desirable in that it insures more posi- 
tive switching action. The building block then _be- 
17(b). 

18(a) represents a multiple AND circuit consist- 


comes the device shown in Fig. 

Fig. 
ing of four active and one passive unipolar elements. 
When no signal is applied to the input gate contacts, 
all gates attain a large negative voltage shutting oFF all 
elements. When one or more gates are driven to a less 
negative voltage, the corresponding channel resistances 
shift from high to low value, turning ON the elements. 
However, the output voltage will remain highly posi- 
tive until all gates are biased to a small negative volt- 
age. In this case the output voltage becomes a small 
positive voltage corresponding to ON. 

One important requirement of the building block is 
that a pulse passing from one end to the other does 
not deteriorate in shape and amplitude. Analyses of a 
series chain of stages such as those shown in Fig. 18(b) 
indicated that voltages corresponding to the ON and OFF 
states are stable, and propagate unchanged even through 
a long chain. 

In the series chain shown in Fig. 18(b), alternate ele- 
ments have complementary symmetry; i.e. n-type base 
elements alternate with p-type base elements and the 
voltage polarity alternates. This keeps the junctions re- 
verse-biased at all times and requires no cascading of 
voltage sources. In Fig. 19 a unipolar AND gate inte- 
grated device is shown passing through the eye of a 


needle to illustrate its miniature size. 


AN INTEGRATED BINARY HALF ADDER 


Another important logic circuit is the “half adder.” 


This circuit adds two digits in the form of ON or OFF, 


N P N 
IN—~{ ¢¥ BF 4 


OUT 


» Rs 


—Vb +Vpb 


tis «am 
pa 


Fig. 18. [la) left] 
Multiple ‘“‘and"’ cir- 
cuit consisting of four 
active and one pas- 
sive unipolar ele- 
ments; [(b) right] se- 
ries chain of stages. 
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Fig. 19. Unipolar “and” gate integrated device passing through eye 


of needle. 


| or 0 pulses supplied to two inputs and delivers their 
sum and carry as two output pulses. Such function is 
transistors, re- 


conventionally performed by a score ol 


sistors, and capacitors. Fig. 20 shows the evolution of a 


halt 


VI clevice, 


conventional adder to 


DCI 


con so treated as to result in several active and passive 


a completely integrated 


consisting of three small pieces of sili- 


unipolar elements mounted on a thin insulator wafer 
incorporating printed circuit connections between the 


elements and powet supply. 


AN INTEGRATED BINARY FULL ADDER 


\ FURTHER DEVELOPMENT of this technique is the 


binary “full adder’ which is a computer circuit that 


numbers, X, Y, 


giving two outputs, 


adds three binary and a carry G, 


from a previous stage, one for the 


sum and one tor the carry to the next stage. 


\ photo- 


eraph of this device mounted on a micromodule wate 


9} 


is shown in Fig. 21 (see cover photo). Each one of 


these binary numbers may be 0 to | corresponding to 
tht possible combinations as shown by the eight col- 
Fig. 22. The 


terms of conventional 


umns of the truth-table in design was 


first developed in circuitry, and 


th n extended to an 


Both 


integrated module. 


ictive and passive elements used through- 


unipolar field-effect transistors and 
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Fig. 20. Evolution of a conventional half adder to a completely in- 


tegrated DCUTL device. 
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BOOLEAN EXPRESSIONS FOR ADDITION 
SUM = XYC + XYC +XYC +XYC 
CARRY = XYC + XYC+ XYC + XYC 
WHICH CONVERTS TO 
SUM = (X+Y¥4+C)CO%T+ XYC esas 


CARRY ® XY + (X+#Y)C ooeec ed 


Fig. 22. Boolean expressions for binary full adder. 


The adder 


which are 


full 


22 state in a shorthand form 


Boolean expressions for a binary 
shown in Fig. 
the conditions for a sum output and a carry output 
signal. Equations | (a) and 1 (b) are the most general, 
but all the input variables and their complements are 
When 


circuit form, 


needed. these equations are implemented in 


they contain more elements than are neces- 


sary. Equations I(a) and 1I(b) may be transformed by 


the use of Boolean algebra into the equivalent equa- 


tions 2(a) and 2 (b). These are much more concise and 


as shown in Fig, 23 


appeal in block diagram and in 


integrated circuit form. This circuit contains only 16 


The 


each fed into three o1 


elements, 13 active and & numbers 


). es 
inputs 
The 


3 passive. binary 


and C are four common 


although the connecting wires are not shown. 


cross-hatched units in the inverter are of com- 
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Fig. 23. Integrated circuit full adder. 
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CARRY OUT 
+ POSITIVE POWER SUPPLY 
SUM OUT 
™ NEGATIVE POWER SUPPLY 


Fig. 24. N-type stick of unipolar transistor divided into two for use 
with micromodule wafers. 


plementary symmetry having p-type channel and n-type 
gate whereas the other unipolar transformers have 
n-type channels and p-type gates. The binary number 0 
is represented by a voltage level of —15 volts. There- 
fore, when a 0 is fed into a gate, the unipolar transistor 
is pinched off and represents an open circuit between 
source and drain. The binary number | on the other 
hand is represented by a voltage level of —5 volts 
which represents a moderately low resistance between 
source and drain. 

Fig. 23 shows four elements which are different from 
the rest, two p-type units and two load resistors. Their 
equivalent resistance values are given in terms of the 
channel resistance R, of the regular units without bias. 
For the load resistors this means that considering thei 
nonlinear behavior, their channels are 4.5 times as long 
as the channels of the regular units. The power dissi- 
pated in the circuit is extremely small. 

The next step is the conversion of the above circuit 
into am integrated device. First the load resistors are 
replaced by properly dimensioned unipolar transistors. 
The topology of the circuit is such that a continuous 
path exists through the channels of all the n-type units. 
This continuous path is indicated by the broken line 
in Fig. 23; consequently, the unipolar transistor can be 
arranged in one row. Thereafter, the metallic connec- 
tions between adjacent units are replaced by semicon- 
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Fig. 25. 
stage logic tree; (right) 


ductor bridges. The p-type units are handled in simi- 
lar fashion and the resulting circuit is shown in Fig. 24 
where the long n-type stick has been divided into two 
for use with micromodule wafers. 

In this form there are still some connections between 
elements that are not adjacent, and the art of integra- 
tion is the finding of a circuit layout where these con- 
nections are as short and direct as possible. These con- 
nections are made by printed circuits on ceramic 
micromodule wafers, and the semiconductor sticks are 
soldered directly to these printed circuits. 

This type of integrated full adder occupies a volume 
of 1/400 cubic inch. The power dissipation of 200 
milliwatts is readily conducted away by the ceramic 
wafer and by the riser wires that interconnect the 
adder with other wafers. 

The clock rate of the breadboard model was about 
40 kc and was limited by the large channel resistance 
of the experimental units, which had a channel length 
of about 0.006 inch. With improved units the speed 


is expected to increase by at least a factor of 10. 


COMPUTER TRANSFER TREE 


A MORE COMPLEX CIRCUIT known as a transfer tree is 
different 
unipolar 


shown in Fig. 25. This unit, used to address 
parts of a computer memory, is made of 24 
elements connected in eight rows of three elements 


each. The gates of the unipolar transistors are con- 
nected to three flip-flop circuits (not shown in the 
figures) which give large negative bias to the gates cor- 
responding to orF, while the other gates are given a 


small negative bias corresponding to ON. 


N-TYPE GERMANIUM 


(left) Multi- 


3-stage tree. 


n-TYPE 


(b) BOTTOM VIEW 
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Fig. 26. View of the ferrite apertured plate. 


In this manner, one and only one row of unipolar 
elements will be all ON, connecting the input to one of 
the outputs. The other rows will have at least one ele- 
ment in the orr condition, thus disconnecting all othe 
outputs. By setting the flip-flops in different states, the 
may be 


input connected to any one of the eight out- 


puts. This principle may be extended to larger num- 
bers if desired. 
The load 


grated into the device, are not shown in the figure. 


resistances, which again would be inte- 


Entire logic portions of a digital computer may con- 


tain nothing but integrated devices in which small 


silicon elements are sandwiched between ceramic in- 


{ 


sulating wafers and the sandwiches stacked. 


FERRITE APERTURED PLATE MEMORIES 


AN EXTREMELY IMPORTANT AREA for the application 


t 


of microminiaturization and integrated electronic tech- 
niques is in high-capacity computer memories. In this 


field, arrays of individual cores have become the classi- 


cal solution tor the selective-access high-speed memory 


chiefly because they have proven to be much more 


reliable than previously used systems. Memories with 
hundreds of thousands of individual cores and some 
still 


it appeared some years ago that 


with millions are in use. For these and larger 


the tech- 


Capacilles, 
nique of individual cores for this size memory becomes 
research to uncover othe 
One ol 


ferrite apertured plate,'! has reached 


uneconomical. Considerable 


magnetic elements was undertaken. these de 


velopments, the 
an advanced state of development. 


\ plate with a regular array of holes is molded from 


square-hysteresis-loop ferrite material. The direction of 


remanent magnetization around each aperture stores 


one bit of information. There is no interference be- 


tween magnetizations around adjacent apertures be- 


cause, lor a given current through an aperture, the 
‘ i 


magnetizing force diminishes gradually with radial dis- 


tance and, at a well-defined distance chosen to be less 


than half the width of the leg between adjacent aper- 


becomes smaller than the threshold of switch- 


The 


fabricated as a whole in a single step and which is 


tures, 


ove plate thus constitutes a unit conveniently 
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equivalent to a number of cores. Furthermore, the fer- 
rite being an insulator, it is possible to “print” wind- 
ings directly on the plate and thereby eliminate the 
need for some of the manual threading. This is partic- 
ularly suitable for making a winding which links all 
the holes in series. 

The prototype which has undergone most develop- 
ment has an array of 16 & 16 = 256 holes. The holes 
are 0.025 inch in diameter and are spaced 0.050 inch 
center-to-center. The plate is less than an inch square 
(Fig. 26). Squareness of the hysteresis loop is compar- 
able to that of individual cores made of the same mate- 
rial. Very uniform properties from hole to hole and 
plate to plate have been obtained. About 300 milli- 
ampere-turns are required to switch the magnetization 
around an aperture at a switching time of 1.5 «sec. 

The plates are most conveniently stacked with all 

(Fig. 
27). The whole stack can be threaded in a single oper- 


the holes aligned to simplify interconnections 
ation which does not need to be repeated separately 
for each plane as is customary for memory core planes. 
This also avoids the making of very many soldered con- 
nections. Stacks composed of 1, 4, 16, or 64 plates con- 
stitute convenient modules with which memories of 
various capacities can be built. Plate memories can be 
used in current-coincident operation or external word 


selection. 


OPTOELECTRONIC DEVICES 


\ NEW APPROACH to logic networks and computer 
components is the application of optoelectronic’ ele- 
ments to shift registers, AND and oR circuits, adders, 
and logical trees. An optoelectronic element is a com- 
bination of a photoconductor (such as cadmium sul- 
fide) whose resistance is a function of ambient illumina- 
tion and an electroluminescent cell or electroluminor 
(zinc sulfide or selenide) which emits light by direct 
application of an electric voltage. Although the light 


amplifier!® is an important development using an in- 


OLUMN SWITCH INPUT 


Fig. 27. Stacking of plates with all holes aligned to simplify inter- 
connections. 


ELECTRICAL ENGINEERING 





MAGNETIC FLUX TO 


4 ELECTROLUMINE SCENT 
MECHANICAL MOTION APACITOR 


oH o——_4 
INPUT INPUT 
o~ ——— 
OPTICAL FLUX a | PHOTOCONOUCTOR 
4 


COUPLING ms 

cou LING ~_ 
| | 
Sete 4+ 


4 
OUTPUT 


—, ELECTRICAL CURRENT 


PHOTOCONDUCTOR COUPLING 


INPUT 


ELECTROLUMINOR -e rt 


; 


i 


OuTPUT 


Fig. 28. Schematics of three relays; (a) electromechanical; (b) electro- 
optical; (c) optoelectronic. 


tegrated structure of optoelectronic elements, only its 
application to logical networks will be discussed herein. 

Fig. 28 shows the evolution of a bistable element such 
as a mechanical relay into an electro-optical and finally 
into an optoelectronic relay. The first two use electron 
information carriers, and mechanical or optical cou 
light energy as infor- 


pling. The third uses photons or lig 
mation carriers and electrons for coupling. 

Referring to Fig. 28(c), it is evident that the light 
emission of the electroluminor depends on the pres- 
ence of photon illumination on the photoconductor. 
If, however, the photoconductor is exposed to the light 
feedback), the 


circuit will remain activated even when the input il- 


output from the electroluminor (light 
jumination is removed. This “latching” action requires 
a proper time constant in the recovery of the photo- 
conductor after the input is removed. This type of be- 
havior is essential for storage panels and optoelectronic 
shift registers, a schematic circuit of which is shown in 
Fig. 29. In Fig. 30, a proposed structure for an array 
of parallel readout shift registers using the above cir- 
cuit is illustrated. It is evident that individual elements 
can be made extremely small and densely packed. The 


use of masked deposition, light absorbing and _reflec- 





Fig. 29. Schematic of 2-stage-per-bit optoelectronic shift register em- 
ploying optical priming and two electric clocks. 
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Fig. 30. Proposed structure for an array of parallel read-out shift 


registers. 


ting coatings, and evaporated conductive films allows 


the assembly of large numbers of low-power consuming 


elements into computer, visual display, and light in- 


tensifier devices and systems. The major shortcoming 
is the slow response compared to semiconductor and 
magnetic integrated devices, but the capability of simul- 
taneous visual display will insure a fruitful field for 
optoelectronic microsystems. 

It is evident from the foregoing that although micro- 
systems and integrated devices have made great strides 
in the recent past, they are still in their infancy. The 
present devices, nevertheless, can make a great contri- 
bution future systems in the 


to existing and way of 


reduced power requirements, size, and weight. By the 
use of integrated electronics, systems of great complexity 
and information handling capacity and speed can _be- 
come feasible from the point of view of all the parame- 


ters mentioned. 
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A Concept for Microsystems Electronics 


B. G. BENDER 


In microsystem design, size and weight reduc- 
tion are not the sole considerations. Also im- 
portant are strength, reliability, design flexibility, 
heat drain, and costs. Means for automatic in- 
sertion of devices and simplicity of interconnec- 
tion should be provided. All these influences are 
illustrated in the discussion of the assembly of 
Microseal diodes and transistors, and small pas- 
sive components, first into circuit cards, then into 
a subsystem. 


N important milestone is passed when a worker 
| 


in microsystems electronics learns to resist de- 


signing, at 50 or 100 times size, items which can- 


not be reasonably made in their intended size. Many 


an excursion into and thorough exploration of a blind 
alley can be averted by the mental exercise of consider- 


ing feasibility and economics of piece parts fabrication 


and the sequence of events necessary to assemble an 


intended brainchild. 


Furthermore, either designing for smallness, or just 


sake of being small or different, is wasteful and 


5 


\ first consideration 


for the 


meaningless. then must be to ac- 
complish something worthwhile. 

So it is with microcircuit packaging. Components 
must be designed with the idea that they are going to 
be used to make circuit functions, circuit functions to 


make 


\ circuit-packaging system has been developed which 


subsystems, and so on. 
attempts to provide suitable answers to many of the 
present-day circuit assembly problems and to avoid the 
ills that were already apparent in other budding micro- 
systems, without bringing new and more horrible prob- 
lems of its own. 

Starting with components and targeting for mini- 
mum size and weight, the problems of ease of assembly, 
surength, flexibility of circuit design, repairability, re- 
liability, power handling capacity and costs were con- 
sidered. From this study, a family of microseal diodes 


and transistors evolved. 


COMPONENTS 


PHESE DEVICES, photographed in Fig. | and shown in 
0.030 thick. 
diameter, the 


an exploded drawing in Fig. 2, are inch 
The Microseal 0.062 


Microseal transistor, which is egg-shaped, is 0.070 inch 


diode is inch in 


A special article recommended for publication by the AIEE Solid State 
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at its greatest breadth and 0.062 inch at its smallest. 
Each is comprised of a semiconductor element housed 
within a metallized alumina body. To this body, metal 
electrodes are sealed by fluxless brazing, to be continu- 
ous with their respective conductivity regions and to 
effect the hermetic closure of the package. 

No one can deny that the devices are tiny. The fact 
that they are leadless further heightens the space-weight 
advantage. 

The diode is indeed easy to assemble, ultimately au- 
tomatically. It is made up of four producible pieces 
which can be assembled into a completed package de- 
vice in a single heating operation. The sequence of 
events is logical and simple and all diodes in the 
Hughes glass package which are of interest to infor- 
mation handling can be thus packaged, as well as 
tunnel diodes and inductance devices. 

The transistors with their tiny mesas are more difh- 
cult to assemble, but no more so than their electrical 
equivalents in the TO-/8 package. The requirement for 
ease of assembly is, therefore, realized. 

As for strength, high alumina is noted in the ceramic 
industry fo Also, 


larger wall thickness-to-diameter ratios than any stand- 


this property. these devices have 
ard package. The package is capable of withstanding 
military environmental thermal shocks, and, for that 
matter, excursions into liquid nitrogen as well without 
failure. Its extremely small size and the thermal con- 
ductivity of alumina are helpful factors contributing to 
such survival. 

Strength is further served by the fact that the devices 
have no wire leads. In addition to easy handling and 
assembly, flexure failure is forgotten. The hermetic seal 
does not tremble timorously or fail in the calloused 
hands of an unsympathetic assembler. No leads, no 


leverage. 


Fig. 1. Hughes Microseal diode and transistor in AloO; case with metal 
electrodes. 
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Fig. 2. Exploded views of the assembly of Hughes microseal diodes 


and transistors. 


Flexibility of circuit design with individually pack- 
aged, pretested components of a fair range of param- 
eters means no restrictive penalties are imposed on the 
circuit designer. His present freedom is not hampered. 

When circuit designers reduce necessary power dissi- 
pation substantially, heat drain may not be a particular 
problem. However, increasing packing densities now 
force close attention on this problem. Leadless pack- 
ages, by virtue of full-face contact with the device on 
the inside and large cross-sectional exposure on the 
outside, offer extremely low thermal impedance for flow 
of heat from the junction. 

Reliability 
word and activity at Hughes and throughout the elec- 


has become an increasingly important 
tronic industry, as the space-age breaks over us. Pros- 
pective purchasers of microcomponents have grown to 
expect reliability to move inversely with size. Microseal 
devices will have the benefit of this reliability aware- 
ness and activity and have one more factor in thei 
favor. Identical sized junctions are packaged in a cham- 
ber whose volume is one to three orders of magnitude 


This 
Microseal devices have packaged with them proportion- 


smaller than present-day components. means 
ately less volume of gas and, therefore, water vapor, the 


arch enemy of semiconductor surfaces. However, reli- 
ability is never proved in the laboratory, but in years 
of actual use, so nothing more can be said at this time 
and be meaningful on this subject. 

From a standpoint of costs, the picture is highly fa- 
vorable. A device must have a semiconductor element 
in any event, but economical techniques have been de- 
veloped for producing chips for the Microseal eftort 
which have advanced the state of the art. Piece parts 
are mass producible and forecasts of pricing in large 
quantities can sharply reduce the cost of the package 
compared to standard parts. Automatic assembly, to 
which Microseal devices are eminently susceptible, 
makes the future cost picture even brighter. These de- 
vices also feature properties that permit both visual 
and mechanical polarity descrimination. This means 
automatic circuit assembly is possible when needed and 


hand assembly is facilitated. 
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CIRCUIT ASSEMBLY CONCEPT 


CIRCUITS ARE NOT BUILT with semiconductors alone; 
therefore, concurrent with this effort, some 250 passive 
components manufacturers were contacted to determine 
their reaction to producing parts compatible with the 
above described active elements. Those companies mak- 
ing positive responses have been encouraged with or- 
ders; items received are evaluated and circuits built. 
The circuits which have been fabricated include a recti- 
fier network, a blocking oscillator, an audio amplifier, 
and a binary flip flop (Fig. 3.) 

[hese circuits were built, employing a technique 
which is called “Swiss Cheese,”’ the origin of which is 


obvious from Fig. 3. Now we shall see how the devices 


were designed with the idea that they are to be used 
in a circuit. 
Cheese”’ 


“Swiss involves placement of suitably ar- 
ranged holes in a 0.030-inch-thick circuit board. These 
holes, then, are the device sites. When placed in their 
proper array then con 


(Fig. 4), the components are¢ 


nected mechanically to the board and electrically to 
each other by virtue of stenciling or spraying a con 
ductive adhesive through a metal mask. A similar op- 
eration performed, on the opposite side of the board, 
completes the circuit so that the devices, acting as feed- 
throughs, thread the circuit between the two faces. 
Chis circuit assembly technique is equally applicable 


blank 
latter case, the metal mask is opened to include print- 


to etched circuit boards and to boards. In the 


ing the circuit pattern concurrently with fixing the de- 
vices in place. 

A wide variety of substrate materials lend themselves 
to this technique. The ceramics, including glass, hard 
anodized aluminum, glass-epoxy and paper epoxy, are 
which have been successfully 


some utilized. Packing 


i 
Fig. 3. Operating binary flip-flop circuit in the “‘Swiss Cheese”’ con- 
cept, using Hughes Microseal active components and Hughes contour 


cable. Other circuit boards are also shown. 
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Fig. 4. Cutaway of a “Swiss Cheese” circuit assembly, showing Hughes 
Microseal diodes positioned in the device sites and circuit stripes. 


density and power dissipation will likely determine the 
best choice for a particular application since they will 
tip the cost vs. utility balance. 

Ihe economics and ease of accomplishing circuit as- 
semblies by this method is certainly obvious. What may 
be less obvious is the fact that the interconnection prob- 
lem can be sharply reduced. A case in point is a delay 
line (fabricated by the Hughes Communications Divi- 
sion) normally comprised of some 300 components and 
219 interconnections. When laid out for “Swiss Cheese” 
fabrication, this circuit not only had the space-weight 
advantages, but required only 20 interconnections. 

Some readers may turn up their noses at the idea of 
conductive adhesives. However, it is likely that for the 
last 8 to 10 years many of these persons have been using 
glass diodes that have their crystals mounted to the 
package by use of a member of this family. 

What has been accomplished by this circuit assembly 
system+?: 


1. It is certainly easy to assemble, since all connec- 
tions to be made on one side are in a single plane and 
can be stenciled or sprayed with a single operation. The 
possibility of automatic insertion of components further 
strengthens the case for ease of assembly. 

2. From a standpoint of strength, devices within a 
circuit board have the least possible moments of inertia 
and so are in an ideal position to resist shock, vibration, 
and acceleration. Further strength can be achieved by 
athxing the devices into their sites with an epoxy ad- 
the 
most serious ill that can befall circuits on these boards, 


hesive prior to electrical connections. Flexure is 
when made of nonrigid materials, since it could open 
a circuit. This hazard is limited if cards are kept small 
or are racked. However, if extreme acceleration or me- 
chanical shock are anticipated, it might be better to 
choose a ceramic board which will resist flexing. 

3. “Swiss Cheese” circuit boards are repairable to the 
single component level. A failed component can be re- 
moved and a new One put in its place with no more 
equipment than a pen knife, a fine paint brush and 


a vial of adhesive. 
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4. Subsystem assembly flexibility is excellent. Single 
cards can contain few or many components as needed, 
irrespective of throw-away economics. 

The choice of materials involved in the circuit board 
takes into account the need to survive salt spray, tem- 
perature-humidity cycling, and hot storage. None of the 
materials will oxidize or degrade under conditions or at 
temperatures that would not also kill the devices. 

5. The heat transfer capability of the “Swiss Cheese” 
board is excellent, Choosing alumina, beryllia or hard 
anodized aluminum can further encourage the flow of 
heat from the devices to the outer package. As pre- 
viously mentioned, the device packages are designed to 
accommodate the flow of heat from within the package 
to the electrodes. To point up this fact, it is worth men- 
tioning that certain of the Microseal diodes have the 
astonishing ability of passing more than two amperes 
at +1 volt, without damage to the junction. However, 
we are not yet prepared to recommend this practice. 

Assembly of ‘Swiss Cheese”’ achieve- 
ment, but it is not an end. For this concept, the end is 
a subsystem which can be used. Connecting boards to 


circuits is an 


each other and, thence, to a useful system is the goal. 
It is 
amenable to a variety of interconnects, Pins, contour 


Again, we find “Swiss Cheese” to be flexible. 
cable or wires can carry the circuit in and out. Attach- 
ment of those is possible by conductive adhesive, solder- 
ing, or ultrasonic welding. 

Contour cable (Fig. 3), is of particular interest as an 
interconnect since it Offers the possibility of close pack- 
ing with the chassis closed, yet permits easy trouble- 
shooting while the system operates with the chassis off, 
since the boards can be leaved and _ test-probed. 


OTHER APPLICATIONS 


WorRKERS ENGAGED in thin film R-C networks have 
recognized the possibilities of a marriage of their tech- 
niques with Microseal devices within the framework of 
“Swiss Cheese.” Solid-state circuit functions, some of 
which are 0.030 inch thick, can also be wed to “Swiss 
Cheese” board and thus 
find broader application. It has been further observed 
that Microseal devices might be useful in the micro- 


within an 0.030-inch circuit 


packaging programs of others not using “Swiss Cheese” 
for circuit assembly. An example might be the Signal 
Services Agency’s micromodule program. 


CONCLUSION 


‘THE RESULTS OF THIS WORK to date then, are a family 
of minimal packaged semiconductor devices of a broad 
range of usefulness and a micropackaging concept 
which is extremely flexible, simple, and economical to 
assemble, having circuit design flexibility and inherent 
reliability. 

It is recognized that the power-handling capability of 
the system will limit its usefulness to information han- 
dling and systems using detector-type input transducers 


but as circuit designers find means to reduce power re- 
quirements, it may be possible to build whole systems in 
“Swiss Cheese.” 
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A Method for the Design of Holding Electromagnets 


J. T. LUDWIG 
ASSOCIATE MEMBER. AIEE 


N DESIGNING cylindrical holding electromagnets, 

which consist of a ferromagnetic core, with station- 
ary and movable portions, interlinking a coil of wire, 
it is desirable to proceed from the specified mechanical 
and electrical characteristics directly to the physical di- 
mensions of the magnet without the use of trial-and- 
error methods. 

These electromagnets are required to hold a switch 
or contact assembly in a given position as long as powet 
is applied, and to release it when power is removed. 
Phe electromagnet is not required to pull in the contact 
assembly; this is done by other means. 

The design of a holding electromagnet can be treated 
directly as a synthesis problem. The fundamental equa- 
tions can be used as a theoretical foundation for a 
straightforward design method. 

When materials having nonlinear characteristics are 
involved, the direct design methods often make use of 
“derived” material characteristics. These derived char- 
acteristics are mathematical combinations of the tradi- 
tionally measured “fundamental” characteristics. 

The first step in the synthesis of a holding electro- 
magnet is the determination of the optimum magnetic 
operating point from a chart which is derived from the 
magnetic circuit equations and material characteristics. 
The index function 


(abscissa) is the ratio of hold-in 


force to drop-out force, f/f. Four application func- 


tions are given on the chart: 


1. Operating induction, B, 


Effective reluctivity, (1/ujy,) +a 
Fractional air gap, a 


t, Effective magnetizing force, H, 


The effective reluctivity is a measure of relative size; 
for fixed values of force and heat-power density, the 
volume required is proportional to the square of the 
effective reluctivity. The merit of various magnetic core 
materials for a particular set of specifications may be 
determined by comparing their effective reluctivities for 
the force ratio F,/F, in question. 

Che operating induction B, is used together with the 
hold-in force F, and the central hole size, radius r,, to 
determine the plunger size, radius rz. 

The effective magnetizing force H, is used, together 
with the other known factors, to calculate the charac 
teristic thickness ¢,, which is the asymptotic value that 


Digest of paper 60-197, recommended by the AIEE Basic Sciences Com 
mittee and approved by the AIEE Technical Operations Department for 
presentation at the AIEE Winter General Meeting, New York, N. Y., 
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the thickness ¢ approaches for large outside radius r, 
values. 

Fig. | is a plot of t/t, vs. r4/re, with 7, /r. as a param- 
eter. The thickness ¢ has been normalized in terms of 
t,; and the hole radius 7, and the outside radius r, have 
been normalized in terms of rs. Both of the normalizing 


factors, ¢, and rz, have been found in the previous steps. 


+ —+ = 


te + 


| For sufficiently small values of t,| 


4 5 678910 


Fig. 1. Geometrical designs. 


The diagonal lines are lines of constant volume which 
facilitate volume comparisons of designs with various ¢ 
and r, values. The minimum volume design may readily 
be determined, as well as the relative volume increase 
with shifts away from the minimum volume design. The 
chart can be used to design for minimum volume, for 
specified r,, or for specified ¢. Once these values have 
been established, the rest of the design is readily com- 
puted. 
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Molecular Electronics and Microsystems 


J. P. STELMAK 


ASSOCIATE 


The molecular electronics approach to microsys- 

tems considers the electronic function to be 

performed, then attempts to synthesize its char- 

acteristics within a suitable solid material. It is 

expected that this approach will lead to many 

new concepts in the realization of electronic 
functions. 


JHE PRIMI 


of the subject of microsystems is the reduction of 


OBJECTIVE in any considerations 


sive and weight. Simultaneously, it would be de- 


sirable to achieve the other goals of the systems design- 


ers such 


is improved reliability and reduced cost. It 


is sometimes found, however, that the drive toward 


better size and weight utilization of equipment has re- 


sulted in actual increases in original cost. Quite often, 


the means used in miniaturizing electronic components 


and systems result in higher costs. Miniaturized com- 


ponents can be than the 


more expensive components 


they replace, because of higher manufacturing costs as 
the result of greater handling problems and difhiculties 
in attaining the same electrical characteristics in smaller 
packages, at least in the early stages, in spite of the 
savings in materials 
It is hoped that a miniaturized version of a system 
will have at least the reliability of the conventional sys- 
tem it replaces. In some instances, the new approaches 
adopted eliminate certain sources of failure only to 
others. Reference here be made to the 


establish may 


soldered connections and certain re- 


replacement of 
sistive and capacitive components by laying down the 
films of various materials upon suitable substrates. The 
stability of the characteristics of these films both as to 
their bulk properties and their interfaces sometimes 
poses new 


problems. The reliability of microsystems 


which are designed and fabricated with certain of the 
new approaches has become increasingly important in 
that normal repair, and maintenance by replacement of 
components is exceedingly difficult or even impossible. 
In certain cases, a complete circuit or subsystem must 
be replaced. In the design of such microsystems, it has 
been convenient to package portions of the system to 
permit quick checking for faults and to permit easy 
removal and replacement. The division of an electronic 
system into subsystem packages must be carefully con- 
sidered from the maintenance viewpoint and from eco- 
nomic considerations involved, particularly if the pack- 


age must be thrown away. 
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LIN 


TRENDS IN MICROMINIATURIZATION 


WHERE small size and weight are the most important 
factors, increased cost may sometimes be tolerated. A 
trend toward size and weight reduction of electronic 
systems has been evident for many years. Electronic 
equipment size and weight reduction has been achieved 
in close co-operation with the manufacturers of elec- 
tronic components. Conventional electronic compo- 
nents such as vacuum tubes, resistors, capacitors, and 
transformers have been shrunk considerably, in some 
instances to the extent that assembly and wiring of 
these by conventional methods have become burden- 
some. The replacement of electronic vacuum tubes by 
solid-state devices was an important step in the direc- 
tion of systems miniaturization. 

In addition, the trend toward microsystems is being 
realized by the elimination of space normally occupied 
by the circuit-supporting structures and interconnecting 
wiring which may represent a large percentage of the 
bulk. Electronic 


achieved through normal component shrinkage, new 


system's microsystems are being 
form of components, and new interconnection methods, 
as well as by reduction of support structure size and 
weight. 

For purposes of convenient maintenance, design, test- 
ing, assembly and manufacturability, systems are very 
often broken down into logical sections or subsystems, 
i.e., they are modularized. A modularized package may 
consist of a circuit to perform a readily recognizable 
function which is part of the over-all system. The func- 
tional module may consist of an assembly of smaller 
modules and, in some instances, the smaller module 
(micromodule) may bear only a single conventional 
component, such as a transistor, Capacitor, or resistor. 
Modular packages of electronic circuitry are normally 
interconnected by soldered or welded wiring or by 
soldering into printed-circuit boards. In some cases, 
modularized packages are inserted into interconnecting 
printed-circuit boards where contact is made by some 
form of spring. Modules may consist of one or more 
conventional circuit Components supported upon a sub- 
strate and interconnected by soldering or they may 
consist of evaporated thin film structures which are 
laid down to form resistors, capacitors, etc., together 
with metallic low-resistance interconnections. 
MICROMINIATURIZATION THROUGH 

ELECTRONICS 


MOLECULAR 


THE MOLECULAR ELECTRONICS approach to microsys- 
tems considers first the electronic function to be per- 
formed and attempts to synthesize its characteristics 
within a suitable solid material. Since a complete sys- 
tem usually is too large to handle conveniently as a 
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Fig. 1. Silicon conductivity vs. impurity levels and temperature. 


single monolith, the whole system is divided into 


smaller subsystems which at the present time may 
be joined externally by any one of the already men- 
tioned means for interconnecting modular packages. In 
molecular engineering, it has been found convenient to 
work with certain subsystems which encompass recog- 
nizable electronic functions, such as amplifiers, multi- 
vibrators, oscillators, pulse generators, NOR logic ele- 
ments, etc. This is also desirable in new systems 
development, since these are the common building 
blocks of many complex systems. The name “functional 
electronic block” has been given to these self-contained 


subsystems. 


Basic Materials in Molecular Electronics. Solid semi- 
conductors have been very extensively investigated since 
the invention of the transistor. Fundamental properties 
of single-crystal semiconductor materials are fairly well 
understood and the wide variety of useful electronic 
phenomena possible with such materials makes them a 
logical starting material for functional electronic blocks. 
Techniques have been evolved for altering semicon- 
ductor properties to provide a wide range of electrical 
conductivity. In silicon, for example, resistivities of 
less than 1 ohm-cm to 5,000 ohm-cm are possible. 
Fig. | shows the dependency of the conductivity of sili- 
con upon various doping levels and temperatures. The 
positive temperature coefficient of such materials over 





Table I. Electronic Effects in Solid Semiconductors 


Number Number 


of of 
Junctions Regions 


Junction 
Electrical Properties Device Examples 


2 Rectifiers, diodes, 
capacitors, uni- 
polar transistors, 
unijunction tran- 
sistors 


Rectification, tunneling, 
jection recombination, 
pacitance, field effect. 


Injection, recombination. Bipolar transis- 


tors 
Injection, recombination, Dynistor, Trinis- 
pacitance. tor, oscillator, 
hook transistor, 
multiposition 
switches. 


Injection, recombination, Current multipli- 
pacitance. er, multivibrator, 
pulse generator 
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a large temperature range can be useful in temperature 
stabilization of functional blocks which may have other 
regions showing negative temperature coefficients. Se- 
lected portions of a semiconductor section may be mod- 
ified to produce regions of either n-type or p-type con- 
ductivities with great precision. Multiregion structures 
in semiconductor crystal materials have provided elec- 
tronic phenomena which form the basis for a large va- 
riety of electronic devices. Table I is a partial listing of 
such devices, giving the number of regions involved and 
the basic effects occurring at the junctions or boundaries 
of these regions. 

All of the aforementioned properties of semicon- 
ductor silicon material and the accompanying electronic 
effects have been incorporated into the designs of func- 
blocks. When 


new basic phenomena in solid semiconductors may be 


tional electronic these are discovered, 
incorporated into functional block designs. It has been 
found that the design of functional electronic blocks in 
3-dimensional semiconductor materials has yielded elec- 
trical performance and characteristics not easily dupli- 
cated with conventionally connected lumped compo- 
nents. Although conventional equivalent circuits are 
still used in many cases to describe the performance of 
an electronic functional block, these are only aproxt- 
mations which are useful in that they provide a familiar 
medium for discussion of results. A more accurate de- 
scription might involve the analysis of current carrier 
flow through the semiconductor material in three di- 


mensions. 


Unique Effects in a Semiconductor Functional Block. 
While it is feasible to fabricate distinguishable resistors, 
capacitors, diodes, and transistors in a functional block, 
there is a limit to the degree of miniaturization which 
can be achieved with this approach. When dissipative 
resistance is used, the heat generated in the block sets 
the block. When a 


tance, say a few hundred microfarads, is 


the minimum size of large capaci- 
incorporated 
in a block, there is great dificulty making the size com- 
patible with the miniaturized functional block. An in- 
ductance based on the magnetic-flux principle cannot 
be made very small because when the volume is too 
small, very little flux can be linked. For junction de- 
vices, the size of the junctions, the contacts, and the 
leads have approached an almost irreducible limit with 
present technology, i.e., photographic techniques. All 
these facts point to the importance of seeking new phe- 
nomena and unconventional approaches if further re- 


duction in size is to be achieved. So long as an elec- 
98 
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Fig. 2. (A) Bistable multivibrator; (B) 4-layer multivibrator. 
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Fig. 3 (above) 
erative feedback. Fig. 4 (right). Diode 


Amplifier with degen- 


transistor gate 


tronic function is accomplished, there is no necessity 
for the functional block to contain certain component 


analogs. As a matter of fact, there are many semi- 


conductor phenomena which do not have a ready equiv- 
alence in conventional lumped component circuits but 
can be utilized to perform electronic functions. 

Some such phenomena can be utilized to obtain the 
functions of L, R, and C in a much smaller volume 
than their conventional counterparts, Other phenomena 
can be utilized to perform circuit functions without re- 
and C values, some- 


sorting to the integration of L, R, 


times yielding better results. 
The realm of such phenomena is quite extensive and 


there are a great many possibilities which must yet be 


explored. The following are a few either unconventional 
or unique effects which have already been incorporated 
blocks: 


in the fabrication of functional electronic 


| Vultiple Use 


ductor 


of Common Region. In a semicon- 
block, 


purpose 5 


functional] the same conductivity region 


The 


good example of this principle. Fig. 2(A) shows a p-n-p 


may serve many !-layer structure is a 


transistor cascaded with an n-p-n transistor to form a 


bistable multivibrator, As shown in Fig. 2(A), the p- 


type collector ot one transistor 1s connected to the pP- 


type base of the other transistor. Similarly the 


n-type 
I. is connected to the n-type base of 7T;. 


%) 


The 2 (B) performs in the same 


Manne) 


structure in Fig. 


1aAVvel 
However, the inner p-layer serves the dual 
function as a collector of T, and base of 7T., and the n- 
collector of T 


obtained in 


layer as th » and base of T,. In this way, 


savings al material and in interconnec 


tions, and miniaturization is inherent. In the large va- 


riety of functional blocks built so far, this principle has 
been utilized 

2. Tempe 
Couf 


and over again. 


oOvel 
The) mal 


\lost semiconductor devices are temperature 


fure Compensation by Intimate 
sensitive, In most applications, it is required to furnish 
some tempe 
For 


veneration 


rature stabilization o1 compensation means. 


instance, in most transistor amplifiers, current de 


is commonly used in low-level stages, and 


compensation is sometimes used in high-level 


Dias 


feedback 


as shown in 


stages. One commonly used degeneration means is shunt 
This can be applied over one or more stages 
Fig. 3. The feedback 

equal to the ratio of the load resistance R,, to the feed- 
back 


ances are 


factor is essentially 


resistance Ry». When bulk semiconductor resist- 


used in a functional block, the resistance 
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values may vary as temperature is varied. By incorporat- 
ing these resistances in a monolith, the temperature is 
nearly uniform. Because the percentage variation of 
resistance with temperature is the same, the ratio 
R,,/Ry does not vary in spite of individual variations. 

To compensate for the variation of base-emitter volt- 
age with temperature, a temperature dependent bias is 
sometimes used (especially in high-power stages). For 
effective compensation, a close thermal coupling should 
be established between the transistor to be compensated 
and the compensating element, so as to keep both of 
them at the same temperature. In a monolithic struc- 
ture, the close thermal coupling between different re- 
gions is inherent. 

Both temperature compensation and temperature 
stabilization are used to good advantage in some of the 
functional blocks to be described later, such as ampli- 
fiers, analog bistable multivibrators, and analog multi- 
plic rs. 

3. Matching of Functional Characteristics. In compo- 
nent circuits, it is common practice to specify the tol- 
erances for the individual components in order to make 
sure that the combined circuit will function properly. 
The tolerance requirements must sometimes be very 
stringent, because one does not always know the other 
components with which one particular component is to 
be used and hence must design forthe worst case. In a 
block 


processed at the same time, the chances of obtaining 


functional where many different areas can be 
uniform characteristics are greater than with the as- 
sembling of randomly selected components. This par- 
ticularly applies for switching functional blocks where 
many repetitive functions are performed. For example, 


consider the case of a diode ANp gate shown inside the 


dotted line in Fig. 4. There are many diodes connected 


in parallel. When this gate is to be fabricated in a func- 
block, the 


because all the junctions are processed at the same time. 


tional uniformity of the junctions is good 

Where only the electronic function is of interest, not 
all the individual areas need always be closely con- 
trolled. Again, take the diode transistor logical gate as 
shown in Fig. 4. It is important to have the output 
voltage follow very closely the lower of the input volt- 


oO 
ages. 


If component circuits are used, it is important 


Fig. 5. (A) Phase-shift oscillator; (B) Semiconductor network structure; 


(C) Equivalent circuit of semiconductor network. 
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Fig. 6. (A) Null fil- 
ter; (B) 
characteristic of null 
filter, 


Transmitted 


FREQUENCY 


g 


to specify all the diodes, the transistor, and the resistors 


to a very close tolerance. In a functional block, it is 
possible to tailor only, say, the base biasing resistance 
R,, to match the other regions. Other examples of this 
feature are found in the tunnel flip-flop, the logical 
switches, etc. 

t. Distributed Parameters. 


§-dimensional] 


The design of circuits in 


solid semiconductor materials permits 
the synthesis of distributed parameter networks which 
can be simulated only with complex arrays of conven- 
tional lumped components. Fig. 5 (A) illustrates the use 
of a distributed semiconductor network in a phase-shift 
oscillator. The network may be very simply fabricaved 


as shown in Fig. 5 (B). 


~ 


Its equivalent in lumped com 
5 (CC). 


resistance 


ponents can be represented by Fig. The semi- 


> 


conductor version consists of a distributed 
over an inversely biased p-n junction, the capacitance 
of which may be varied according to the bias applied; 
a feature which may be utilized to tune the oscillator 
over a wide frequency range. The characteristics of the 
R-C 


tapering its resistance or capacitance in a large variety 


distributed network may be further altered by 
of geometries. If a lumped resistance is incorporated, 
as shown in Fig. 6(A), a null may be obtained in its 
transmitted characteristics; see Fig. 6(B). Such a filter 
may be used in the feedback loop of an amplifier to 
produce a selective frequency bandpass amplifier.’ 


Delay Effect 
Modulation. In high-frequency transistors, the transit 


5. Minority Carrie) and Conductivity 


time of minority carriers should be minimized. On the 
other hand, the diffusion of the minority carriers is in 


some manner like a delay line. This delay action can 


be utilized. The effect can be combined with the con- 
ductivity modulation effect to produce inductance. 
When a forward voltage is applied across a junction, 
the conductance is lower at the first instant and becomes 
higher as the carriers sweep through the region due ‘to 
the minority carrier delay effect. This time variation of 
resistance simulates the inductive effect.2, The transit 
time may be changed by changing the electric field, and 
the 


changed by changing the injection, thereby changing 


amount of conductivity modulation may be 
the inductance. Large values of inductance have been 
obtained without the necessity for the conventional 


magnetic reaction, which invariably results in large 
volume. 

If the inductive effect is combined with some nega- 
tive resistance in certain junction structures, very high 
effective Q can be obtained. Tunable structures based 
on this principle have been built and may find appli- 
cations in functional blocks. 

6. Transverse Electric Field. In either the unipolar 
structure or the bipolar structure, a transverse electric 
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field may be applied to produce some continuous non- 
mechanical effects not easily obtainable with finite or 
lumped components. 

In the unipolar structure the use of transverse electric 
field I he 


electric from the 


has resulted in a current-limiting action.* 


field 


source to the drain produces a depletion layer which 


transverse to the current flow 
“pinches off’ the current at a certain level. This effect 
can be very simply and advantageously designed into 
blocks. In 
field 


deflect the injected minority carriers. ‘The commutator- 


functional electronic bipolar structures, 


the transverse electric has been demonstrated to 
type switch* to be described later and certain multiple- 


The 


action 


collector functional blocks® are based on this effect. 
The 


can also be continuous, as in a potentiometer. 


action is similar to that of a rotary switch. 


FUNCTIONAL BLOCK DESIGN AND DEVELOPMENT 


A LARGE NUMBER of electronic functions have been 
incorporated into single crystal blocks of silicon or 
germanium. These include amplifiers of many descrip- 
tions; oscillators; detectors; demodulators; modulators; 
mixers; flip-flops; astable, monostable, and bistable mul- 
tivibrators; logic gates such as the NOR, STROKE, AND, OR; 
complex electronic switches; and others. The electrical 
characteristics and the structures evolved on several of 
these will be presented in detail in subsequent sections 
of this article. 

The procedure in the design of a functional elec- 
tronic block begins with a study and analysis of the ex- 
isting conventionalized circuit (where such exists) to 
gain a thorough understanding of the function per- 
formed. In many cases, the conventional circuit may 
contain components which are not realizable directly 
semiconductor, i.€., wound inductors, me- 


in a solid 


chanically variable capacitors, and large values of ca- 


pacitance. Where possible, an equivalent circuit which 


avoids the use of these is set up. Then, based upon the 
knowledge of available effects in semiconductor mate- 
the block structure to 


rials, a 3-dimensional model of 


perform the same electronic function is developed. The 


Fig. 7. Single-stage amplifier block, 
characteristics and equivalent circuit. 
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POWER 


lOO KC 
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Fig. 8 Low-level 


Darlington amplifier 


block and character- 


istics. (Markers on 


block are spaced at 
1/16 inch.) 


model is fabricated using many of the techniques which 


are adapted from those which are common to the 


transistor industry. Among these are high-temperature 


diffusions of elements into the semiconductor crystal, 


oxide masking and mechanical masking, chemical and 


mechanical surface oxide films, 


vacuum de position 


etc. The use of photographic techniques in the produc- 


shaping, growth of 


of materials, alloying operations, 


tion of very precise optical masks is extensive. Such 
masks are used in conjunction with some of the opera- 
vield finely detailed areas with high 


tions listed to 


resolution 


block of this functional 


of terminal character- 


{inplifiers. In a tunctional 


category, one finds a wide range 


istics. A general classification might include amplifier 


parameters such as input and output impedance, gain 


expressed in several possible ways—frequency response, 


dynamic level, etc. Other special attributes may involve 


electrical stability and temperature dependency. In 


order to demonstrate flexibility and adaptability ol 
techniques which have been developed in moleculat 
\ ork 


high-frequency, 


electronics, on amplifiers has included audio, 


selective-frequency, and tunable types. 


Amplifiers with a wide range of input and output im- 


pedance have been fabricated. Input signal levels of 


a few microwatts to signal output levels of several 


watts have been handled successfully. 


Transistorized amplifiers, of course, depend to a 
large extent upon the characteristics of the component 


transistor devices which are used. In functional am- 


plifier blocks, over-all behavior is also determined to 


considerable degree by the characteristics of the active 


transistor regions which are built into the structure. 


Transistor triodes as three terminal devices may be 


connected in several possible ways to obtain amplifiers 
with various combinations of input and output pa- 


rameters. The feasibility of many of such possibilities 
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of transistor amplified staging in semiconductor ma- 


terial has been demonstrated. Resistances which are 


commonly employed for establishing transistor biases 
and operating points, resistances which serve to tem- 


perature-stabilize such operating points, and resistances 


which provide loads have been incorporated in many 
cases, Capacitance for coupling and by-passing purposes 
has been included in amplifier structures where the 
values required were reasonably small, up to 1,000 ul. 
Higher values when fabricated as a biased p-n junction 
require semiconductor block areas which become dis- 
proportionately large. This becomes a problem particu- 
larly in audio amplifiers, where external capacitors 
sometimes are used. External capacitors of the same 
form factor as the semiconductor blocks may be lami- 
nated with these blocks and, in this way, miniaturiza- 


tion features are preserved. 


1. Single-Stage Amplifiers. Functional amplifier blocks 
consisting of a single transistor area biased in a com- 
mon-emitter operating mode have been constructed. 
Phe approximate equivalent circuit, as shown in Fig. 7, 


contains a voltage divider resistance network which 


fixes the base bias. An internal load resistance has been 


incorporated, Designed for low-level applications, the 


) 


total block current may be only 2 milliamperes, with a 


? 


2214-volt supply. Frequency response is flat out to 3 to 


! me; thus, this amplifier is suitable lor use in video 
and r-f applications. A power gain in excess of 25 db 
100 


am- 


is realized when operating between a source at 
3,000 ohms. Othe 


plifier blocks containing single transistor regions have 


ohms and an external load ol 
been designed and fabricated to deliver output powers 
up to 1 watt at power gains of 30 db, 

2. Multistage Amplifiers. The cascading of transistors 


uw 
° 
Oo 


nN 
° 
°o 


OUTPUT 


CURRENT GAIN -hfe 


600° 800 i000 


400 
BLOCK CURRENT -ma 


Fig. 9. High-level 
Darlington amplifier 
block and character- 
(Block diam- 


inch.) 


istics. 


eter is '/2 
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—o 


Fig. 10. OUTPUT 


amplifier block, com- 


Two-stage 


mon-collector input. 


(Markers are spaced 
at 1/16 inch.) 


in functional blocks, in order to provide amplifiers of 
higher gain or of modifiable input and output imped- 
ance, has resulted in several interesting designs. One of 
these is the Darlington connection which is particu- 
larly adaptable to fabrication since it allows a common 
collector region in the block. Fig. 8 presents the equiv- 
block 


version designed to operate at low signal levels. All 


alent circuit and the constructed semiconducto1 


resistances shown have been included on the block to 
produce a completely self-contained amplifier requiring 
only an external bias source. Physical dimensions olf 
0.150 by 0.250 by 0.004 
inch. Input impedances up-to 150,000 ohms have been 


the silicon wafer shown are 
obtained; output impedances have averaged 2,000 ohms 
for the units which have been built. Power gains of 
about 30 db are obtainable with some blocks, giving es- 
sentially flat frequency response to | to 2 mc, Of par- 
ticular use is the high input impedance in applications 
in which loading effects on the preceding stage must 
be minimized. 

The Darlington cascaded connection has also been 
utilized in a very-high-level amplifier constructed on a 
single-crystal wafer, as shown in Fig. 9 along with the 
approximate equivalent circuit. Possible applications 
for this amplifier include use as high-power audio out- 
put or as a power amplifier which can directly control 
mechanical devices such as servomotors. Output current 
swings up to | ampere are available at current gains of 
about 500. A temperature stabilization resistor is built 
in as shown; load resistance is external. 

For amplifier applications in which the higher input 
impedance as available from a common-collector input 
is desirable, the configuration shown in Fig. 10 has 
been designed. The operating point of the second tran- 
sistor is critically dependent upon that of the first, and 
resistance adjustments are somewhat difficult where the 
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cascade is built into a single block. Input impedances 
of about 5,000 ohms were obtained in the experimental 
units. For greatest gain—bandwidth product, the ar- 
ragnement shown in Fig. 11 has been used. Essentially, 
the equivalent circuit is that of two directly coupled 
common-emitter stages with a feedback loop around 
the two stages through a resistor. This amplifier is 


ideally suited for wide-band video applications. Input 


impedances of 500 ohms with output of 3,000 ohms 
have been measured with reasonably flat frequency re- 
sponse to 2 mc. Where very high input impedances are 
necessary, amplifiers which resort to the field effect or 
unipolar transistor have been developed. A resistive 
area which is modulated by an input signal controls 
the base current flowing into the base region of a bi- 
polar transistor. The name “Unibi” has been attached 
to this particular type of amplifier, which is shown 
in Fig. 12. It features a very high input impedance usu- 
ally associated with such field-effect devices. (Up to | 
megohm has been measured.) The field-effect region 
also serves as a very effective means for directly cascad- 
ing several of such amplifier blocks without concern 
for impedance matching or for d-c decoupling. 

3. Selective Frequency Amplifiers. Mention has al 
ready been made of the distributed R-C networks which 
have been fabricated in semiconductor materials. These 
networks use either diffused or uniform crystal resistive 
layers and a capacitance which is associated with in- 
The that 


is described in Fig. 5(B) and (C) has phase-shifting prop- 


versely biased p-n junction layers. network 
erties. It has been possible to combine semiconductor 
network of this nature into a feedback loop around the 
single-stage amplifier described in Fig. 7 to produce a 
selective frequency bandpass amplifier. The equivalent 
circuit of this structure is as shown in Fig. 13. Values of 
Q as high as 400 for the amplifiers constructed have 
been measured. Amplifier Q may be adjusted over a 
wide range by varying amplifier gain or by inserting 
a lumped resistance in series with the network capaci- 
tance as in Fig. 6(A). Stability of these amplifiers was 


Fig. 11. 
amplifier block, com- 


Two-stage 


mon-emitter cascade. 
(Markers are spaced 
at 1/16 inch.) 


Stelmak, Strull, Lin—Molecular Electronics and Microsystems 





OUTPUT 


Fig. 12. Unibi 
plifier 


am- 
and equiva- 
lent circuit. (Markers 
are spaced at 1/16 
inch.) 


OUTPUT 


2 


* TUNING BIAS 


Fo = 2.25mc 
Q-=60 
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Fig. 13 


acteristic. 


Selective frequency amplifier, equivalent circuit, and char- 


Fig. 14. Astable mul- 
tivibrator 
block. 


functional 
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found to be unusually good. Tuning of these ampli- 
fiers may be accomplished by applying a small bias 
to the filter. Tuning ranges of 3 to 1 were shown to be 
possible. 


Multivibrator Functional Blocks. Multivibrators have 
been built within a single block of semiconductor ma- 
terial. Bistable, astable, and monostable multivibrators 
have all been constructed and demonstrated. The mul- 
tivibrators constructed have no soldered connections be- 
tween the different regions within the block and a 
minimum of external connections for the proper tunc- 
The 


connections and the small size are consistent with the 


tioning of the multivibrators. minimization of 


concept of molecular electronics. 


Generally, there are two states in a multivibrator. 
When both states are stable and the multivibrator can 
be triggered into one state or the other, it is known as 
a bistable multivibrator or flip-flop. When both states 
are unstable and oscillation is sustained, the multivi- 
brator is known as an astable or free-running multi- 
vibrator. When one of the states is stable and one is 
unstable, it is known as a monostable or one-shot 
multivibrator. 

Certain multilayer structures have also been used to 
produce the proper action. ‘The dissipative region is 
made of the bulk semiconductor material. It provides 
sufhcient resistance to be used as a load or to form 
biasing paths for the active regions. ‘The storage of en- 
ergy can be accomplished by the use of reverse-biased 
junctions, Such regions are used to speed up the switch- 
ing time of the multivibrator or form the time base for 


the astable and monostable multivibrators. 


1. Analog Cross-Coupled Structures. 
Astable multivibrator—This device can be made 
block 


conventional cross-coupled multivibrator (Fig. 15). The 


in a monolithic (Fig. 14) as an analog of the 
block is built on a diffused silicon wafer with two layers 


of opposite conductivities. The diffused structure is 
chosen to permit the formation of high-resistivity dissi- 
pation regions in the diffused n-layer. Diffused struc- 
tures also increase the frequency response of the active 
regions and hence of the multivibrator. Foils contain- 
ing proper amounts of doping agents are alloyed into 
the wafer to form the common emitter and to provide 
ohmic contacts, and grooves are etched through one 
conductivity layer to provide isolation between regions 
where desired. The tabs are the points where electrical 
contacts for the inputs, the outputs, and the power 
supply are made. The arrangement of regions and foils 
eliminates all unnecessary lead wires and soldered con- 
tacts. There are only three terminals; one for the out- 
put, one for the ground, and one for the positive supply 
voltage. The area of the block is determined largely by 
the required capacitance of the reverse-biased junctions, 
which in turn depends on the desired oscillating fre- 
quency of the multivibrator. The output waveform 
ot the astable multivibrator is shown in Fig. 16. Multi- 
vibrators of this type the 


range of 20 to 500 kc. 


have been fabricated in 
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Bistable multivibrator—Bistable  multivibrators 





can also be made by cross-coupling two active regions. 
An equivalent circuit of this type of multivibrator is 
shown in Fig. 17. An actual bistable multivibrator 
functional block is shown in Fig. 18, placed next to 





a conventional multivibrator. The diffused silicon 








wafer, alloying foils, and etched grooves are similar to 





those used in the analog astable multivibrator. The | 
aveforms of a typical flip-flop are shown in Fig. 19. F%_ ‘3: Conver 
wavetorms ot a typica ip-flop are shown 1 g. iv. tional cross-coupled 


This flip-flop was triggered at the rate of 60 cps and  muyltivibrator. 





500 kc. Note that there is very little difference in 
performance at 0, 25, and 50 C. 


Monostable multivibrator—A monostable multivi- 

brator with an equivalent circuit as shown in Fig. 20 
has also been fabricated. The appearance and the 
fabrication are similar to that of the analog cross- 
coupled astable multivibrator. The waveform of such 
a multivibrator is shown in Fig. 21. 

2. Four-layer structures. The required regeneration 
for multivibrator action can also be obtained by cas- 
cading a p-n-p active region to an n-p-n active region. Fig. 16. Waveform of 
By overlapped connection of two layers in each region, — astable multivibrator block; 
a four-layer structure is formed. The 4-layer struc- 1 volt oserrouddaas 
ture exhibits a negative resistance V-—/ characteristic ne GE 
(Fig. 22), which can be used in conjunction with a 
load to produce bistable multivibrator action. The 
equivalent circuit of such a multivibrator is shown 
at the top of Fig. 22. The structure may be triggered 





into high or low conduction as indicated by the curve 
in Fig. 22. The output waveform is shown in Fig. 23. 
In addition to the conventional design considerations 
of a multivibrator, there are many other aspects to 
consider in a functional electronic block. In designing 
functional electronic blocks, it should be kept in 
mind that the bulk resistivity is temperature sensitive. 
However, a monolithic block has a relatively uniform 
temperature. Thus, the resistance of the different re- 
gions will vary by the same percentage. This feature 
can be utilized to stabilize the performance of a mul- 
tivibrator. For instance, in the analog bistable multi- 
vibrator (Fig. 17) the output ON voltages, the OFF volt- Fig. 17. Equivalent 





age, and the switching times are functions of Re/Rp, circuit of cross-cou- 


(the on voltage and the switching times determined  Pled bistable mult 
vibrator, 








by the ratio of the collector current to the base current 
which in turn depends on R,/R,). Any variations in 
temperature will change the values of Re and R» but 
not the ratio of Re/R» appreciably. Therefore, the 
performance is not severely affected. This is evidenced 
by the lack of difference in the waveforms (Fig. 19) 
taken at 0, 25, and 50 C. 

Functional Electronic Switches. Functional  elec- 
tronic blocks providing the action of multiposition 
switches may be designed around 3-region transistor- 
like performance or 4-region n-p-n-p bistable switches. 

Of course, multiposition switches may be designed 


by making multiple switching elements on a single 


semiconductor block. For example, it is possible to 


Fig. 18. Cross-cou- 





fabricate groups of transistors or 4-region switches on pled bistable multi- 


a single semiconductor wafer. These types of switches vibrator block. 
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simulate individual switch arrays and 


not 


CITCUILTWIS¢ are 


pertinent to the present discussion. Rather, con- 
sideration will be given to multiposition switches which 
operate on principles that do not have direct circuitry 
analogy. 

Three-region transistor-like multiposition switches op- 
erate on the principles of minority carrier deflection. 
Switches of this type have been described previously 
literature.* 


in the Briefly, minority carriers injected 


Fig. 19. Waveforms of cross-coupled bistable multivibrator block. (A) 
60 cps, 0.5 volt per division, 5 milliseconds per division; upper curve: 
output voltage 


division, 0.5 


lower curve: trigger voltage. (B) 500 kc, 0.2 volt per 


microsecond per division; upper curve: output voltage; 


lower curve: trigger voltage. 











Fig. 20. 


circuit of monostable 


Equivalent 


multivibrator. 





-O 





Fig. 21. 
monostable 
block. 


Waveform of 


mulfivibrator 
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by the emitter are deflected by a transverse base field 
established by the presence of two or more base con- 
tacts, causing the minority carriers to diffuse preferen- 
tially towards one of a plurality of collectors, Multi- 
position switches of this type are transistor-like in their 
behavior. That is, they require continuous application 
of a switching signal to remain in a particular switch 
position, A single-pole double-throw principle is shown 
in Fig. 24. 


1. Bistable Switches. The other switching principle 
mentioned is based on the 4-region n-p-n-p_ bistable 
switch. Multiposition switches based on 4-region bistable 
switches may also be of the 2-terminal or 3-terminal 
type. Extensive effort has gone in the design and de- 
velopment of multiposition switches based on 4-region 


The 


dependent on which of the regions are common to 


switches. action of 4-region bistable switches is 
the various switch positions as well as the location of 
the base contact. 

When multiposition bistable switches are fabricated 
with only one region common to every switch element 


9 


as shown in Fig. 25, individual switches result. Con- 


sideration of these switches is no different than tor a 
wired independent switch array. 

When multiposition switches are fabricated with two 
26(A), the 


positions function independently as 2-terminal type 


regions in common, as in Fig. switch 
switches. If the common-emitter and common-base con- 
nection are utilized, the multiposition switch positions 
mav be 


operated as the dependent 3-terminal type 


switches of Fig. 26(B). Alternately, through the use 
of the separated emitter and base regions, this type 
of switch may also be operated as independent 3-termi- 
nal type switches; see Fig. 26(C). 

An interesting mode of operation occurs for the 
switches of Fig. 27 with the “three regions” in common. 
Such switches are independent in the orFr or high- 
impedance state but when one position turns ON all 
positions go into the low-impedance or ON state. Thus, 
the performance of this structure is somewhat similar 
to a logic or. However, when attempting to turn OFF 
an individual switch element of this type of switch, 


it is necessary to turn OFF every switch position. 


saa, 2 


Fig. 22. (Top) Equiv- 
of 4- 


multivibrator. 


alent circuit 


layer 





(Bottom) 4-layer struc- 





ture characteristic. V 
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In addition to the switch type described, modifica- 
tions in performance result if isolation is provided 
into, but not through, one of the regions, as shown 
in Fig, 28. For switches of this type, the distance be 
tween switch positions may be extremely important. 
fabricated 
from both germanium and silicon. Most of the germa- 


Fhe bistable switches just described were 


nium multipgsition switches were fabricated on den- 
dritic strips. These long strips of single crystal material 
are very convenient for fabricating multiple-switch 
structures. They make possible, with no crystal prepara- 
shown in 


tion prior to diffusion, the type of switch 


Fig. 29, which is a 50-pos:tion bistable switch. Each 
element is p-n-p-n where two of the four regions are 
common to all positions. The 50 positions are shaped 
on a l-inch strip of germanium dendrite. 

Multiple switches of this type can be very uniform 


The 


formity of thickness and resistivity of the germanium 


in characteristics from element to element. uni- 


dendrite and the high degree of perfection of the 


dendrite surface are excellent for the fabrication of 


a multiple-type device. 
2. Switches. 


make use, 


The 


in their operation, 


Commutating-Ty pe switches de- 


scribed earlier do not 


of nonuniformities of minority carriers in the base 
regions of the multiposition switches. Fairly sophisti- 
cated multiposition switches which do not require a 
control for every controlled position, which can be used 
as commutating-type structures, and which have cer- 
tain other uses as counters, registers, and other com- 
mutator functions, may be designed using unbalanced 
bas« 


minority carriers in the 


region. One such  struc- 
ture is shown in Fig. 30. Operation commences with 
one switch position in its low impedance or ON state 
while all other elements are in a high impedance on 
OFF state. By the application of a transverse base volt- 


age, it is possible to turn on other switch elements. 


Fig. 23. Waveform of 4- 
layer multivibrator block. 


Here bereoees 


BASE -!| EMITTER BASE-2 
a 


SEMICONDUCTOR 
pe 
COLLECTOR-!| COLLECTOR-2 
Fig. 24 (above). Single-pole 
double-throw switch. Fig. 25 
(right). Independent multipo- 





sition switch. 


JULY 1961 


Structures have also been described which are multi 
position switches that also utilize uneven distributions 
of minority carriers in the base region or difference m 
bias base 


across a region when various switch posi- 


tions are turned ON and OFF. 


Fig. 26. 


tion switches. 


Multiposi- 


27. Multiposition 


Fig. 28. 
switch, 
lated. 


Multiposition 
partially  iso- 


& av ste eee 
; wie 


Fig. 29. Multiposition switch on germanium dendrite. 
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Fig. 30. 
switch with base deflec- 


Multiposition 


tion 


Fig. 31. Functional blocks and their encapsulation. 


By combining various degrees of isolation between 
the regions ol 
fields, 


havior not 


a multiposition switch with transverse 
base multiposition switches with modes of be- 
readily simulated by independent wired 


switches are possible. 


SYSTEM INTEGRATION 


blocks 


been designed show the form tactors illus- 
g 


THE LARGE VARIETY of functional electronic 


which have 
trated in Fig. 31. In general, the blocks consist of thin 
platelets of semiconductor material. The low-level am- 
plifiers described here have been constructed with a 
(.004-inch thickness of silicon. Because of the fragile na- 


ture of the material in such thin sections, it is desirable 








Fig. 32. Unencapsulated amplifier. 
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to process these blocks, at least in the later phases, upon 
a supporting substrate. In this way, handling is facili- 
tated and the substrate can subsequently be made part 
of the encapsulating envelope. 

Fig. 32 shows a 2-stage amplifier block which is 
thus supported, and illustrates how the leads are 
brought out from the block for external connections. 
Wires of about 0.002-inch diameter are bonded to the 
appropriate points on the block and to the larger 
external leads. For assembly of functional blocks into 
a large module, which would be later provided with 
a hermetic housing, only an interim protective coating 
the block. Where 
block itself is to be hermetically sealed, ceramic—metal 
and 


may be applied to the functional 
glass-metal encapsulations are being developed. 


Fig. 33 illustrates one of these. A shallow ceramic box 
is constructed with a plurality of metallic connectors 
which feed through one or more sides of the enclosure. 


A cover is soldered to the metallized top surfaces. Lhe 


Fig. 33. Ceramic case for 
hermetically sealed block. 


the bottom of 


the box for heat dissipation and for equalization of 


semiconductor element is fastened to 
temperature over the surface area of the block. The 
package size for a 2-stage amplifier is 0.375 by 0.375 by 
0.030 inch. Total dissipation for this block, at present, 
is being limited to 200 milliwatts. Certain high-level 
amplifiers shown in Fig. 31 have required larger pack- 
ages and have also been provided with a heat-dissipating 
metal plate which forms one face of the package. 

The 0.375- by 0.375-inch package represents the 
functional structure 


amount of (low-level circuitry) 


which can now be conveniently and economically 
handled in a single monolith with the present state of 
semiconductor technology. Where a particular function 
would require a smaller block of material, there is the 
possibility of placing more than one of these functions 
in a package of this size. It is also anticipated that when 
greater control over processing is achieved, more struc- 
ture may be built into a single section of semiconductor 


materials, thereby resulting in larger package sizes. 
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Fig. 34. Functional block interconnections. 


The unit functional packages may be arranged for 


vertical stacking 


> 


interconnection by as shown in Fig. 
34(A) or in the manner pictured in Fig. 34(B). With 
either configuration, the external leads would terminate 
in thin boards which would provide power and cou- 
pling for the array of blocks. The arrangement of Fig. 
34(B) would permit better heat dissipation, whereas 
the arrangement of Fig. 34(A) gives the higher pack- 
ing density. A group of functional blocks with its board 


would constitute a circuit module. Several modules 


might then be integrated to form a complex system. 


SUMMARY 


‘THE FEASIBILITY of performing many electronic func- 
tions in solid semiconductor materials has been demon- 
strated. Functional blocks have been fabricated utiliz- 
ing many of the presently known phenomena in solid 
semiconductors. In the course of this work, it has been 
found that many configurations developed have ex- 
hibited performances which can be duplicated only 
with greater difhculty by conventional circuitry means. 


The 


lead to many new concepts in the realization of elec- 


molecular electronics approach will, no doubt, 


tronic functions. Reduction in size and weight of 
electronic systems will be limited only by heat dissipa- 
tion requirements. Reliability should be considerably 
enhanced by the elimination of a large portion of con- 
ventional connections and through the elimination of 
much of the exposed surface areas of components of 


conventional circuitry. 
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Reactor Control System for Antarctica 


The instrumentation and control system for the 


PM-3A McMurdo 
Sound, in Antarctica, is shown just before it was crated 


nuclear reactor to be installed at 


and shipped recently from General 


Rochester, N. Y., to 
Baltimore, Md., which is building the reactor. 


Dynamics /Elec- 
tronics, The Martin Company, 

This nuclear instrumentation system is completely 
transistorized, and incorporates an exclusive General 
Dynamics /Electronics 7-channel system that is capable 
of measuring and controlling the neutron flux in the 
reactor from cold start-up to approximately 150 per 
cent of rated power output. 

Among the important features are automatic self- 
checking circuits which will inform the operator imme- 
diately if a malfunction should develop in the instru- 
mentation system, and will pinpoint its location as well. 
The central control console provides facilities that en- 
able one man to monitor and operate the 1,500-kw nu- 
clear power plant. 
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Multiple-Collector Semiconductor 


Devices in Molecular Electronics 


D. P. KENNEDY 


A theoretical analysis is presented on the opera- 
tion of a computer logic component exhibiting 
current commutation between two hook collec- 
tors. A quantitative theory is established for the 
current-multiplying hook collector and for many 
factors contributing to the interaction between 
such collectors. Appropriate equations are pre- 
sented in graphical form throughout a range of 
physical and geometrical parameters encounter- 
ed in the design of a typical 2-collector structure. 


NTERACTION 


tiplying hook collectors can result in a commutation 


mechanisms between current-mul- 


of their respective collector currents. This principle 
ot Operation 


I 
ductor devices, provides active computer components 


when applied to the design of semicon 


with greater logic powel than that available from con 


ventional transistors. Two hook collectors, for example, 
interacting upon the same emitter junction, will gen- 


logic function of binary full addition.’ Fun 


erate the 


ther, it can be shown >? this 2-collector device is a 


basic building block for the logical design of large-scale 
digital computers. Application of hook collector inter 
action to the design of unique semiconductor devices 
represents a fundamental approach to molecular elec- 
tronics; basic physical mechanisms are used to satisfy 
specific computer logic requirements. 

Mathematical computations required for the theoreti- 
cal design of this semiconductor device must be con- 
ducted upon a high-speed electronic computer. To fa- 
cilitate such computations, 


computer programs are 


available, upon request, for the numerical evaluation 


of design equations presented in this article. 


THE 2-COLLECTOR SWITCHING DEVICE 
Fic. | 


ered in 


ILLUSTRATES the semiconductor device consid- 


this analysis. Two cylindrical hook collectors 
are located upon one side of a large, cylindrical, emitter 
junction. Electrical contact is made to four locations 
upon this structure: the large area emitter region, the 
base 


common—or region, and the two hook emitter 


regions. The base region ohmic contact is a metallic 
ring located near the periphery of this solid cylinder. 
\n external reverse biasing potential V’,,, is applied 
to each hook collector junction through individual load 
resistors R,, and R,». Further, a forward bias V,,. is 
applied to the large area emitter junction through a 
series resistance R,; this resistance is assumed to be of 
sufficient magnitude to approximate a constant current 
source for the emitter. 
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Hook collector interaction is easily identified through- 
out the operation cycle of a 2-collector semiconductor 
device, Fig. 2. This interaction mechanism permits one 
collector, when operating in its high current mode of 
operation, to hold the other orr. Commutative switch- 
ing occurs between the two collectors when J, = J,»; 


the low current—or oFrF—collector switches to its high 
current mode of operation and, in the process, turns the 
other collector orF. Interaction mechanisms are not ob- 


served when J, > /,., since both collectors are in their 


high current state and are unable to interact upon one 
another. 

he 2-collector semiconductor device represents an 
important, but difficult, approach to the field of molec- 
ular electronics. Physical mechanisms within this device 
are used to obtain a complex set of electrical character- 
istics (Fig. 2) that would otherwise require an extensive 
number of conventional transistors, resistors, capacitors, 
etc. This technique of logic component design requires 
a degree of control not presently available in the semi- 
conductor field; such control must result in reproduci- 
ble electrical characteristics of the type illustrated, 


PHE HOOK COLLECTOR‘ 


CoMMUTATION between two hook collectors is a direct 
result of the current multiplication encountered in this 


multiple-layer semiconductor structure. A minority 


carrier (hole) current J, enters the hook collector re- 
gion from the base (Fig. 3); this current is caused by a 


forward bias upon the large area emitter junction. An 


be] 


accumulation of electrostatic charge in the hook col- 
lector region results in a forward bias upon the hook 
emitter junction thereby producing a minority carrier 
(electron) current J,, within the hook collector region. 


Steady-state operation of this semiconductor device is 


a 


achieved when 


Ine fp Eo (1) 


The parameter B,7, equation 1, is equivalent to the com- 
mon emitter current gain of a conventional transistor, 
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Fig. 1. A 2-collector semiconductor device. 
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ig. 2. Illustrative operation cycle of a 2-collector semiconductor device. 


Br = (2) 
1 a 
Separation of the mechanisms contributing to hook 
collector current multiplication, By, results in a signifi- 
cant simplification in the analysis and design of this 
structure. Such separation reduces 6, to the form 


(3) 


where 6,, B,, and 6, respectively, are the magnitudes of 
current multiplication resulting from the individual 
mechanisms of surface recombination in the hook col- 
lector region, bulk recombination in the hook collector 
region, and minority carrier injection efficiency of the 
hook emitter junction. 

The parameter $,, equation 3, represents the current 
multiplication of a hook collector containing an ideal 
emitter junction (y= 1) and no bulk recombination 
within the hook collector region (t, = «). Calculation 
of 6,, therefore, is accomplished by determining the 
minority carrier transport efficiency, B,, of a solid cylin- 
der—the hook collector region—assuming a surface re- 
combination velocity of (s). A complicating factor in 
this analysis results from an axial distribution of donor 
impurities in the hook collector region which is intro- 
duced by the technique of diffusion. This impurity 
distribution causes an electrostatic potential gradient 
enhancing minority carrier current from the emitter 
to the collector junction. A simplification has been used 
in which the hook collector electric field is approxi- 
mated by one of constant magnitude,® E., parallel to 
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the z-axis, and directed to the hook emitter junction. 

The minority carrier transport efficiency, B,, of the 
hook collector region, Fig. 3, is established through a 
solution of the continuity equation 


Fn, 1 Oey On, On» Np gE, 
a a ae ee ale ee a a oe e=— (4) 
or- r or Oz Oz Ly kT 


in which an infinite minority carrier lifetime is as- 


sumed. This solution must also satisfy the multitude 


of boundary conditions imposed by practical considera- 
tions. A minority carrier recombination velocity of (s) 
is to exist at the outer surface (r=a; 0<z< w) of 
this cylindrical hook collector region. Furthermore, a 
minority carrier source—the emitter junction—is ap- 
proximated by a surface of constant minority carrier 
density, n,,, at one end of this solid cylinder (0 < r < a; 

-w), while at the other end (0 ? 


a; z — 0) the 


collector junction is a surface containing no excess 


minority carriers. 
A solution of this boundary value problem yields the 


excess minority carrier distribution equation 


Z r 
w—2z) sinh { 6,, J; (Qn) Jol Qu - 
a a a 


— ; ut Jo- (Gm) +J1" (Gm) | 
Q» sinh | 6, — 


a 


where 


Sa 
— J,(Qm) = 0 
Pp 


(a) Gm Ji (Am) — 


9 


~- €a z e 
(b) On” = = + Qm* 


Ihe summation of equation 5 is conducted over ascend- 
ing roots of equation 6a; there are an infinite number 
of such roots for each assumed magnitude of surface 
recombination velocity s. 

The axially directed component of minority carrier 
current, J,.(7:z), within this solid cylinder is given by 


On, e 

nae (r:s) = qD > — qup Nk (7) 
Os 

A radial integration of this expression, equation 7, 

yields the total electron current at the emitter junction 
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Fig. 3. Analytical model of a cylindrical hook collector. 
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4. Current multiplication parameter for a typical hook collection. 


and also at the collector junction (z 0). Sub- 


stituting equation 5 into equation 7, and performing 


the required integration, yields the minority carrier 


transport emcrency 


If we now assume that an ideal hook emitter junction 
exists within this semiconductor device, 2 


equation 


(9) 


Equation 9 establishes the current multiplication, 6 
ot ia 


cylindrical hook collector when surface recombi- 


nation is the only mechanism contributing to the loss 


of minority carrier current. This expression, equation 
9, is graphically illustrated, Fig. 4, throughout a range 
of geometrical parameters characterizing a typical semi- 
conductor device 

The parameter 6,, equation 3, represents the current 
multiplication of a hook collector containing an ideal 


emitter junction (y 1) and no surface recombination 


current within the hook collector region (s =0). Elimi 
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nating surface recombination within the hook collector 
region reduces the computation of (, to a one-dimen- 
sional solution of equation 4. This solution, subject to 
the emitter and collector boundary conditions, is given 


by 


sinh (8 =) €( 1-2) 2 _\2 
‘sinh (6 — ( “) ; (; ) (10) 


Equation 10 establishes the distribution of minority 


carriers (electrons) throughout this one-dimensional 


hook collector region which is assumed to have a minor- 
ity carrier diffusion length of L,. From equation 2 and 


equation 7 the current multiplication §, is given by 


? 


be" 
B = eyo en 
0 [cosh (0) e"| tT sinh (0 


(11) 


Equation I1 establishes the current multiplication, 


6,, of a cylindrical hook collector when bulk recombi- 


nation is the only mechanism contributing to the loss 


of minority carrier current, This parameter is graphi- 


10° 














Fig. 5. Current multiplication parameter 8; for a cylindrical 
hook collector. 
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Fig. 6. Current multiplication parameter 8, for a typical hook collector. 


OHMIC CONTACT 


r 
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Fig. 7. 
model of 


Analytical 
solid cyl- 
inder base region. 


cally illustrated (Fig. 5) throughout a range of physical 
and geometrical parameters suited to most situations. 

The last parameter required in the determination of 
hook collector current multiplication, equation 3, is By. 
Ihis term represents the current multiplication within 
a device having an ideal minority carrier transport efh- 
ciency throughout its hook collector region (t, = ~; 
s = 0). The hook emitter junction introduces a minority 


carrier current, J,,, into the n-type hook emitter region, 


pe? 
reducing the injection efficiency, y, of 


thereby this 
structure, 

Previous authors® have established the minority car- 
rier injection efficiency of the diffused emitter junction. 
Assuming an impurity distribution, N(x), throughout 


the hook emitter and hook collector regions, where 


x x 
N(x) Coa erfe ) + Coa erfe ( ) 
(= ae 


the emitter junction currents J,, and J,, are given by 


(12) 


The integrations of equations 13 are conducted across 
the hook emitter and hook collector regions of this 
semiconductor device. From equation 2 and equations 
13, the current multiplication parameter (, is given by 


the expression 
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N(x)dx 


(14) 


Equation 14 establishes the parameter 6, required 


in the computation of total curent multiplication of the 
cylindrical hook collector. This expression is illustrated 


> 


in graphical form, Fig. 6, throughout a range of geo- 
metrical parameters characterizing a typical semicon- 
ductor device. 


BASE REGION ELECTROSTATIC POTENTIAL’ 


THE UNIQUE electrical properties of a 2-collector semi- 
conductor device (Fig. 2) are caused by the mechanism 
of current multiplication within each hook collector. 


From equation 1, a majority carrier current, | oe ap- 


pears at the hook collector junctions (Fig. 5) with a 


magnitude proportional to the hole current /,, entering 


pe 


from the base. This base region electron current and 


its associated electrostatic potential introduce an addi- 
tional biasing voltage upon the emitter junction, there- 


by causing a radial distribution of minority carrier 


(hole) current throughout the structure. From such a 


mechanism of operation, one hook collector can elimi 
nate all minority carrier current to another, thus yield- 


ing the observed commutation action. 


SH 
Analytical investigation of the base region potential 


has been conducted upon a solid cylinder which ap- 


proximates the base of a 2-collector device (Fig. 7). A 
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Fig. 9. Voltage distribution in base region (collector side). 
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single hook collector is symmetrically located at one 
end of this model, thereby reducing the structure to 
two spatial variables; analytical simplifications resulting 
from such approximation methods greatly outweigh 
small errors caused by this hook collector displacement. 
Furthermore, the ohmic base ring (Fig. 1) has been 
approximated by a surface of constant potential at the 
periphery of this solid cylinder. The base region width, 
in most practical semiconductor devices, is sufficiently 


harrow to 


permit characterization of an ohmic base 


ring (Fig. 1) by a constant potential surface at (r = B; 


0 X < WW) 


[he base region electrostatic potential, w (7;z), is 


established by a solution of Laplace’s equation 


(15) 


in which circular symmetry has This 


condi- 


been assumed. 


solution 


must also satisfy the many boundary 


tions imposed by practical considerations. A constant 
potential surface is used to characterize an assumed 


ohmic contact at the outer cylinder wall (r= B; 0 < z 


w). Further, a current cylindrical 


structure—the hook collector junction—has been ap- 


source for this 


proximated by a region of constant current density Jn, 
at one end (0 r2As 220). 


\ solution of this boundary value problem is given 


by the expression 


) 

a ’ A r 

, cosh | — (HW 2 | Jil Qn — ) Jol Q,— 
ce B B B/| 


1 





Bact ; W a,” J;" (an) 
sinh | a, — 
B 
(16) 
From equation 16, a maximum base region potential 
occurs at the center of this cylindrical structure (r = 0; 


0) and has a magnitude of 


¥(0 ) 


Upon combining equation 16 and equation 17 


obtain 





W 

4 
Equation 17 and equation 18 establish many funda- 
mental properties of the 2-collector transistor, Equation 
17 establishes the maximum voltage drop within this 
cylindrical base region; this voltage is illustrated in 
Fig. 8 throughout a range of geometrical parameters 
associated with a typical 2-collector device. Further, 
equation 18 establishes the distribution of this base re- 


gion voltage, thus showing the selective biasing which 
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Fig. 10. Voltage distribution in base region (emitter side). 
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Fig. 11. Axial component of base region electric field. 


is present at both the hook collector and emitter junc- 
tions; these distributions are illustrated in Figs. 9 and 
10. 

The axial and radial derivatives of the base region 
electrostatic potential (equation 16) constitute a minor- 
ity carrier drift field which channels hole current from 
the emitter to the collector junction. From equation 16 


we have 
r a, 
~) sinh [< (Ww — 2)| 
B B 


, a, W 
sinh ( — ) 
B 


(19) 


J ( “) ] ( ~) [ (W | 
A 2 i | Q&, B)° 0\ An B cosh B z 
B Ww 
sinh («, =) 
B 


B iat 
Illustrative examples of equation 19 are given in Fig. 11 


E.(r;z) 


(a) E.(0;0) 








a, J1" (an) 


and Fig. 12. An axially directed minority-carrier drift 
field exists immediately under the hook collector junc- 
tion. Further, minority carriers outside the hook-col- 
lector radius are subject to a radially directed drift field 
which enhances their motion toward the center of this 


structure, 


HOOK COLLECTOR INTERACTION 


Hook COLLECTOR interaction mechanisms enable one 
collector to maintain another in its low current mode 
of operation. This characteristic, attributable to a se- 
lective biasing of the emitter junction, is encountered 
throughout the entire operation cycle of a 2-collector 
device, Furthermore, 


this characteristic represents a 
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Fig. 12. Radial component of base region electric field. 


principle of operation which is applicable to highly 
complex, multiple-collector logic devices; a single hook 
collector is capable of maintaining a large number of 
similar collectors in their low-current state of operation. 

Inasmuch as we have used a I-collector structure in 
the computation of base region electrostatic potential, 
it is convenient to retain this model (Fig. 13) during an 
investigation of hook collector interaction mechanisms. 
As previously shown, hook-collector current multiplica- 
tion yields a radially distributed biasing potential w 


(r;W) across the emitter junction face. This potential, 


in addition to the external bias V,, is applied to the 


emitter circuit; the emitter junction bias V(r) is thus 
given by 


Ver) = v(r;W) + Vo. Vre (20) 


The parameter wp (7;1V) can be analytically established 
from equation 17 and equation 18 at a specified mag- 
hook 


classical p-n junction theory, the emitter bias I’,(0) can 


nitude of collector current. Furthermore, {rom 


be determined if we limit all minority carrier current 
to the emitter junction region opposite the col'ector. 


Substitution of these parameter, (0;W) and V,(0), 


a 
into equation 20 yields 


Vre = V(O;W) + Vow V,(0) (21) 


the radially distributed emitter junction 


voltage is approximated by 


Therefore 


{yiO:W y(r;W)} V.(0) (22) 
Equation 22 establishes many important factors con- 
tributing to hook collector interaction, From Fig. 10 
it is clearly seen that w (0;1V) 
when | p (0;W) 
tion will be reverse biased. (This characteristic was sug- 
gested by S. Miller, IBM Research Division, Pough- 
keepsie, N.Y.) A properly designed multiple collector 


= w (r: WV); therefore, 
> V.(o), a portion of the emitter junc- 


device will exhibit a forward biased emitter region com- 
parable in size to the hook collector junction, thereby 
reducing minority carrier current to an adjacent col- 
lector. 

Fquations 19 establish another mec hanism contrib- 
uting to current commutation between two hook col- 
lectors. Assuming the active (forward biased) emitter 
area is restricted to a region immediately under the 
hook collector, the base region electric field, Fig. 13, 
channels al] hole current from the emitter to the col- 
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lector junction. An adjacent hook collector, therefore, 
can be exceedingly close to the active emitter area with- 
out receiving, through diffusion, a minority carrier cur- 
rent, 

The exponential volt-ampere characteristic of an 
emitter junction maintains a desirable relation between 
A small 


junction bias, V,(o), results in a 


the quantities characterized in equation 22. 
increase in emitter 
large increase of base region electrostatic potential, and 


re 


therefore a decrease of active emitter area. In a 2-col- 
lector device the active emitter region can be restricted 
to a very small area—often smaller than the hook col- 
lector junction—by properly adjusting the magnitude of 
hook electron current. If, on the other hand, an in- 


crease in emitter junction bias, V,(0), no longer in- 
creases the base region potential, the active emitter 
region becomes larger; through this mechanism an ad- 
jacent collector can be turned ON. 

Saturation is exhibited by a hook collector, Fig. 2, 
when its current is essentially independent of emitter 
current and hence of emitter bias, V,(o0). This saturation 
is caused by a removal of bias voltage from the hook 
collector junction due to resistive elements within the 
and its associated circuit. From 


semiconductor device 


Fig. 13, the collector junction bias, V(r), is given by 


V.(r) = ¥ (r:30) + Ver Ve. 


(23) 


where w (7:0), the base region electrostatic potential, is 
obtained from equation 16. This collector voltage, V(r), 


) 


equation 23, is a radially distributed function with a 


minimum at } 0, 


V,. (o) y (0:0) + Very Vie (24) 


A sufficient magnitude of collector current, therefore, 
causes a zero bias at the center of each hook collector; 
4 ae ks 


base region electrical resistance 


this occurs when 4 y (030) |. Because the 
is much smaller than 
R,, the collector current at which saturation occurs is 
principally determined by the load resistance, R,, and 
the external collector bias V,,... 


The 


ture, Fig. 2, are a consequence of competition between 


electrical characteristics of a 2-collector struc- 


each collector, At low magnitudes of emitter current, 
0 <1, < 1,,, the two base region potential distributions 


are in competition for emitter hole current; a high- 

















Fig. 13. A 1-collector 
semiconductor device. 
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Fig. 14. Theoretical current gain of a cylindrical hook collector. 


current mode of operation will be attained by the col- 


lector which introduces the largest base region potential 


and therefore has the largest current multiplication. 


Throughout this region of operation, an increase in 


emitter current I, results in a decrease of active emitter 


area, thereby reducing minority carrier current to the 


hook collector of lowest multiplication. 


Upon the high-gain collector (no. 1), 


l Las an 


with 


saturating 


increase of active emitter area is asso- 


ciated an increase of bias voltage V’,,. The addi- 


tional emitter current, being rejected by one collector, 


contributes to base region recombination and to an 


increased current in the low-gain collector (no. 2). Col- 


when /,; < I, I 62; 


lector current / .», has been calcu- 


lated by assuming the hole current is supplied from an 


emitter area comparable in size to the collector; bias 


upon this emitter region is approximated by the calcu 


magnitude 


lated of emitter voltage, V’,(r), Opposite the 
axial center of this hook collector. 

Comn hook 

/ is a result of properly selected collector load 

and Ri Collector 


lowest current gain, will reverse 


utative switching between collectors 


) 


resistors R no. 2, assumed to have 


the bias the emitte 


junction area opposite the high gain collector (no. 1) 
if J | this situation can occur when R,, > Ry» 
Any 


bias 


increase in / in excess of / reduces the emittet 


under collector no. 1, thereby decreasing emitter 


current at this location. Clearly, constant-current chat 
acteristics of the emitter bias supply result in a transte1 
of emitter current from the high-gain collector to the 
low-gain collector and hence yield a regenerative switch- 
ing action 

The remaining part of this operating cycle for the 
device I, 


?-collecto1 I, is essentially the same as pre- 


Kennedy, Gilman—Multiple-Collector Semiconductor Devices 


viously described. Upon saturating collector no. 2, the 
active emitter area increases with emitter junction bias 
voltage V,, thereby turning on collector no. 1. Since 
T.4 
I,,—both collectors remain in their high-current mode 


~ [.o—commutative switching will not occur at [, = 


of operation, 


EXPERIMEN 

LoGic APPLICATIONS require stability and reproduci- 
bility in the electrical characteristics of a 2-collector 
semiconductor device. This requirement is difficult to 
satisfy since the entire operating cycle is exceedingly 
dependent upon hook collector current multiplication; 
it is this parameter which must be controlled. Current 
multiplication, being equivalent to the common emitter 
current gain of a conventional junction transistor, is 
subject to variations due to changes in surface recombi- 


hook 


changes cannot be tolerated, since they introduce modi- 


nation velocity on the collector region. Such 


fications in the illustrated electrical properties (Fig. 2). 


Specifically, 7,,, I,2, 1,3, and also 7,, and I,s, Fig. 2, 
must be design parameters which are not subject to 
appteciable change throughout the life of this semi- 
conductor device. 

9 


Equation 3 
stability can be obtained in the current multiplication 


suggests a method whereby a greater 


of a hook collector. A structure of specified gain py 


which also satisfies the inequality 


I 


—— < 


Bp 3 B, B ¥ 


will be relatively insensitive to changes in minority car- 


rier lifetime t, and surface recombination velocity s 


within the hook-collector region. Furthermore, the cur- 
rent multiplication of such a device is established by 6, 
and, therefore, can be controlled through the diffusion 
characteristics introduced during construction. Fig 14 
electrical characteristics ol 


the calculated 


such a semiconductor device. This graph presents the 


illustrates 


theoretical current multiplication of a cylindrical hook 
collector with an ideal carrier transport efficiency in the 
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Fig. 15. Operation cycle of a 2-collector semiconductor device. 
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hook collector region (t, = 0; s=90) and also with 
large surface and bulk recombination of minority car- 
riers (t, = 10°7; s = 104). It is clearly seen that a suitably 
narrow hook collector region will yield a semiconductor 
device which is relatively insensitive to t, and s. 
Two-collector devices, of the type illustrated in Fig. 1, 
have been constructed by the techniques of multiple 
diffusion, and 
thereby forming mesa structures for the two hook col- 


photolithographic masking, etching, 


lectors. This method of construction provides excellent 


contro] over the geometrical configuration, thus yield- 
ing devices closely approximating the idealized struc 
tures used throughout this analysis. Physical dimensions 
for these units were determined by the previously out- 
lined analytical methods: a = 0.0015 inch; B = 0.015 
inch; C = 0.020 inch; w= 0.00015 inch; W — 0.0015 
inch. 

The hook collectors were placed approximately 0.003 
inch apart and symmetrically located about the center 
of a solid cylinder base region. Further, these devices 
were constructed from n-type germanium of | ohm-cm 
Cig Tha 
X,4, were selected to yield a current multiplication 6, 
of approximately 20. 


resistivity; the diffusion parameters C and 


oas 


In the diffusion of impurities into a semiconductor, 
adequate experimental contro] is not now available to 
obtain the required reproducibility of hook-collector 
current multiplication. Hook collectors, for example, 
taken from the same slice of semiconductor material ex- 
hibit a significant range in current gain—for example, 
15 to greater range is the 
hooks are from several slices within the same diffusion— 
possibly 10 to 40. Hook collectors obtained from differ- 


30—while a found when 


ent diffusions exhibit a sufficient range in current mul- 
tiplication to suggest a complete lack of control over 
the diffusion parameters important to the electrical 
properties of a semiconductor device. 

Interaction mechanisms are easily attained within 
this 2-collector structure; any unit having two good 
hook collectors would exhibit a commutation action of 
the type illustrated in Fig. 2. An analysis of the elec- 
trical characteristics for a two collector device, using 
measured values of current multiplication, show a satis- 
factory agreement between and 


theory experiment 


throughout the entire cycle of operation (Fig. 15). 
CONCLUSIONS 


Hook COLLECTOR INTERACTION is a principle of op- 
eration which is applicable to the design of complex 
computer logic components. This interaction mechan- 
ism is well behaved; thus its characteristics can be ad- 
equately established by classical methods of analysis. 
Typical of such an approach to molecular electronics 
—where physical mec hanisms are used to obtain unique 
electrical characteristics—a fundamental problem of re- 
producibility exists in the electrical properties of this 
semiconductor device. Before further steps are taken 
toward the application of collector interaction me- 
chanisms, adequate control must first be obtained in 
the technology of impurity diffusion into a semicon- 
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ductor material; this control should permit the repro- 
ducible construction of hook collectors to a specified 
magnitude of current multiplication. 


NOMENCLATURE 


A = Base region dimension (see Fig. 7) 
B = Base region dimension (see Fig. 7) 
B, = Minority carrier transport efficiency in hook collector 
region 
Surface concentration of impurity atoms 
Diffusion constant 
Electric field 
Total current (hole and electron) at hook emitter 
junction 
Total current (hole and electron) at hook collector 
junction 
Potal hook collector current 
lotal emitter (large area) current 
Total hook collector current when saturated 
Flux density 
Impurity diffusion parameter 
Electron diffusion length 
Resistance in external circuit (see Figs. 1, 13) 
lemperature (Absolute ) 
External bias voltages (see Figs. 1, 13) 
Bias voltages across emitter (large area) and collector 
junction 
Voltages across R; and R, (see Fig. 13) 


Base region width (see Fig. 7) 


Hook collector radius (see Fig. 3) 
Boltzman’s constant 

Electron density 

Electron charge 

Radial co-ordinate of solid cylinder 
Surface recombination velocity 

Time 

Width of hook collector region (see Fig. 3) 
Axial co-ordinate of solid cylinder 


Alpha of hook collector 
Root of equation 6(a) 
Root of J,(x) 
Hook collector current multiplication 
Hook emitter minority carrier injection efficiency 
Mobility 
= Minority carrier lifetime 


= Electrostatic potential 
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Analysis of Switching Surges on a 220-Kv Line 


M. C. GALIYANO > L. WAGNER 
MEMBER AIEI MEMBER AIEE 


N RECENT YEARS, improvements in lightning ar- 
heron characteristics have permitted reductions in 
transformer insulation levels and have led to extensive 
analysis and investigation of switching surges. Before 
the common use of reduced BIL transformers, switching 
surges were of no concern in most cases, since their 
magnitudes were well below the insulation strength of 
the windings. As transformer BIL is reduced, however, 
normal switching surges become a factor and arresters 
may be universally required for complete protection. 

lo provide adequate switching surge protection, both 
the arrester switching surge sparkover characteristics 
and the transformer switching surge insulation strength 
need be known. Both of these quantities will be a func- 
tion of the shape and magnitude of the switching surge. 
The ability of the arresters to withstand the switching 
surge duty also depends on the magnitude and wave 
shape of the switching surge. Many miniature system 
studies have been performed in order to define these 
surge characteristics but field test data is meager. 

Io augment what little field test data is available, a 
series of switching surge tests were performed on the 
220-kv 


tion and the Siegfried Substation of the Pennsylvania 


75.5-mile line which connects the Sunbury Sta- 
Power & Light Company. Fig. | shows the single line 
equivalent of the test line and the pertinent terminal 
equipment 

Iwo methods of measurement were employed. Mag- 
netic oscillographs recorded the three line currents, the 
three line-to-ground voltages and the breaker trip cur- 
rents at Sunbury and Siegfried. Because of the limited 
high-frequency response of the magnetic oscillographs, 
cathode-ray oscilloscopes (CROs) and high-frequency 
response measuring techniques were employed to meas- 
ure the three arrester currents and one line-to-ground 
voltage at Sunbury. 

\ total of 20 switching operations were performed 
during these tests. The 20 operations can be segregated 
in three separate test series as follows: 

Test Series I 
Line. With the 


from the line, the 


Energizing and De-energizing Open 


transltormer at Sunbury disconnected 
breaker at Siegfried energized and 
de-energized the line. On two out of three line drop- 
pings breaker restrikes occurred and caused the arresters 
to operate. On two out of two line pick-up operations, 


the arresters also operated. In all four cases the meas- 


Digest of paper 61-44 Field Tests of Lightning Arrester Voltage and 
Current Caused by Switching a 220-Kv Line,’ recommended by the AIEE 
fechnical Operations Department for presentation at the AIEE Winter 
General Meeting, New York, N Jan. 29-Feb. 3, 1961. Published in 
AIEE Power Apparatus and Systems, June 1961, pp. 128-41 


M. C. Galiyano and V. C. Detty are with the Pennsylvania Power & Light 
Company, Allentown, Pa.; C. L. Wagner and A. R. Hileman are with 
the Westinghouse Electric Corporation, East Pittsburgh, Pa. 


524 


Galiyano et al—Switching Surges on a 220-Kv Line 


A. R. HILEMAN 
MEMBER AIEE 


V. C. DETTY 
ASSOCIATE MEMBER AIEE 


ured arrester sparkover voltage was 1.4 times the crest 
rating of the arrester. 

Test Series Il—Energizing and De-energizing Line 
with Receiving End Transformers. The line was again 
switched from Siegfried but with the Sunbury trans- 
former connected to the end of the line. No arrester 
operations occurred. The maximum arrester voltages 
recorded varied from 0.87 to 1.29 times the crest rating 
of the arrester. 

Test Series II—Energizing and De-energizing Open 
Line Through a Transformer. With the Siegfried breaker 
the line was switched from the Sunbury end. Again no 
arrester Operations occurred. Maximum arrester volt- 
ages were from 1.3 to 1.6 times the arrester rating. 

The analysis of the arrester sparkover voltage data 
showed it to vary depending on the rate-of-rise of the 
switching surge voltage. In Test Series I, arrester spark- 


SIEGFRIED 
SUNBURY 75 MVA 
EQUIVALANT  69/1247/230 —1 
220 kv 


ca j i } T 5000 MVA 755 MILES 10,000) 


a>. MVA 
182 KV 
STATION 
ARRESTER 


WEST 
ocsB 





Fig. 1. 


equipment. 


Single line equivalent circuit of test line and pertinent terminal 


over occurred at 1.4 times the crest rating of the arrester 
but in Test Series III, arrester sparkover did not occur 
when the voltage rose to 1.6 times the arrester rating. 
In the first case the average rate of rise to arrester spark- 
over was about 600 to 900 volts per microsecond while 
in the latter case the average rate of rise was only 200 
volts per microsecond. Both of these sparkover values 
are less than the 60-cycle sparkover rating of this ar- 
rester. This indicates the advisability of maintaining as 
high a 60-cycle sparkover rating as is compatible with 
good protection to equipment. 

Only one arrester current was successfully recorded 
but it is believed to be the first accurate oscillogram 
of a switching surge arrester current. The crest current 
magnitude was about 360 amperes and decreased to 
50%, 


in 1,000 microseconds. Graphical methods of calcula- 


of the crest value in 500 microseconds, and to 25% 


tions were employed to estimate the wave shape and 
magnitude of the arrester currents which were not re- 
corded by the CRO. These calculations showed crest 
currents of 130 and 220 amperes reducing to half value 
in about 700 and 200 microseconds for energizing and 
de-energizing the line, respectively. 

The energy absorbed by the arrester for the case 
where both the arrester current and voltage were re- 
corded was 60 kw-seconds. Calculations showed that this 
was approximately the total energy trapped on the line. 
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The Logic Potential of Molecular Electronics 


in the Multicollector Transistor 


JOHN EARLE 


In this article, means of using the phenomena of 

molecular electronics to perform logic are ex- 

plored. Emphasis is on the 2-collector transistor, 

with occasional indications of the logical effects 
of more collectors. 


T IS in its infancy that we can most hope to in- 

fluence an idea. Molecular electronics, lacking di- 

rection, can easily fall into the pattern of building 
the same circuits, only more compactly, in new tech- 
nologies. Although this latter path may yield the most 
short-term gains, the integration of the logic approach 
with device development at IBM has shown the feasi- 
bility of switching in the solid state, of using the phe- 
nomena of molecular electronics in their own right to 
perform logic. This direction is not necessarily the 
easiest to take, but as side effects rather than as goals 
it should yield all the advantages of the other directions 


and, if successful, can be much more powerful. 


SYNOPSIS AND CHARACTERISTICS* 


Rutz! of 
IBM in 1956 of the interaction of 2-hook collectors on 


AN EXPERIMENTAL INVESTIGATION by R. F. 
a common substrate resulted in a new semiconductor 
switching device, the 2-collector transistor. Subsequent 
work by D. P. Kennedy? resulted in a workable design 
theory and fabrication techniques. An extension of the 
original geometry results in a device with multiple-hook 
collectors, interacting across a common junction. The 
multicollector device in one form is shown in Fig. 1. 
It consists of a series of p-n hook collectors on a large- 
area emitter-base junction. One of the interesting fea- 
tures of the device is the grounded-base transfer char- 
acteristic also shown in Fig. | for the simplest, 2-collec- 
tor case. As can be seen from this curve, there are four 


possible steady-state conditions of the two collectors: 


State 1. 
State 2. 
conducting 
State 3. 
conducting 
State 4. 
(turned on) 


Neither collector conducting (cut off) 
Collector 1 conducting, and collector 2 not 


Collector 1 not conducting, and collector 2 


Both collector 1 and collector 2 conducting 


Essentially full text of conference paper CP60-878, presented at the AIEE 
Summer General Meeting, Atlantic City, N. ]., June 19-24, 1960. Recom- 
mended for publication by the AIEE Solid State Devices Committee. 


John Earle is with the International Business 


Poughkeepsie, N. Y. 


Machines Corporation, 


*This synopsis was provided by P. R. Low. 


+For four collectors, there would be 16 steady-state conditions. 
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The switching between (or among) collectors is con- 
trolled by the magnitude of the emitter current. A com- 


plex interaction of electric fields developed by the 


drops in the base region cause a focusing action at the 


emitter junction directly under the “on” collector. 


Starting in state 1 (see also Fig. 1), an increasing 


emitter current restricts the injection to a small area 
under the collector with the highest gain—bandwidth 
product (collector 1, C/), turning it on (state 2). Once 


driven into saturation, however, further increase in 
emitter current no longer flows directly to this collector 
and the excess minority carriers diffuse throughout the 
base region. Some of the carriers come under the in- 
fluence of collector 2 (C2), starting to turn it on. Once 
C2 is conducting, it acts as a negative resistance stealing 
Cl. The 
more current than C/, eventually forcing C/ to cut off 
as C2 


current focuses a forward bias of the emitter-base junc- 


current from load on C2 is chosen to draw 


saturates (state 3). Further increase in emitter 


tion under C/ as well as C2, since the latter can absorb 
no more current. C/ turns on and both collectors are in 
saturation (state 4 and Fig. 1). 

Since the device is operated in the grounded-base 
mode and is essentially a p-n-p-n (or n-p-n-p) structure, 
it will (with proper circuit design) have both voltage 
and current gains, one of the requisites for the feed- 
back the 
proper biasing, the device can drive several similar de- 


circuits of this article. Furthermore, with 


vices. An additional characteristic made use of in cir- 
cuits described here is that when switching from C/ 
to C2, C2 will always turn on before C/ turns off. 


The previously published circuit by Rutz! has the 
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Fig. 2. (Left) schematic diagram and (right) block diagram of basic cir- 
cuit device. 











disadvantage that the input and output potentials are 
not compatible. This problem can be eliminated, how 
cvel 


Th 


from 


by supplying a bias-current source at the emittet 


inputs would then be current sinks, subtracting 


The 


remaining 


the total the emitter. 


2. One 


however, is that the digital voltage input to 


current available at 


circuit will then appear as in Fig. 


proble In, 


the circuit must be converted to analog current for the 


emitter. One method is to use a resistor network similar 


to that used in transistor—resistor logic. A better solu- 


tion uses field-effect current limiters in place of the 


bias, and load resistors. 


This has the advantage 


the current is almost independent of the input 


voltage once it has exceeded a given threshold. It is 


a small step fh here¢ 


limiters 


the field-effect 
inherent 


ym to envision cur- 


part the 
emitter and collector regions, eliminating the need for 


rent fabricated as 


an of 


nonsemiconductor components, as suggested by D. P. 


Kenn | 


ated 
Kio, 3 


\ number 


dy Such 


an integi device might appear as 


of 2-collector circuits have been designed 


and tested. Switchine times of a few hundred 


nano- 


seconds have 


been observed even with these experi- 
mental devices. 


LOGIC DEVICES 


THESE DAyYs, when our switching circuits are fighting 
the 


laws of nature in packaging density, power dissipation, 


att 


speed of light in their wired connections and other 


or complexity with higher reliability, and so on, 
one may find refreshment in considering an approach 
effect of things without the 
actuality | all its attending problems 


It is a Wi 


spe d switch 


which gives the these 


us 
spread fallacy that he with the highest- 
an build the fastest computer, What is 


ignored is that a computer needs less a 


“switch” and 
more a logic device. Through this approach, the effect of 


speed as well as other desirable characteristics may be 


FUNCTIONS EQUAL TO ONE 


FOR 


A UNIQUE ROW 


| 
| 
ee eee 





+++ 


| AB 


gained, and computer technology may take one of its 
infrequent basic steps forward. 
he basic logic building blocks in today’s digital 
systems have one characteristic in common that singles 
them out from the infinity of possible, functionally 
complete building blocks. They are characterized by 
“gy 


tables, regardless of the number of variables for which 


having exactly one “‘l 


or one in their function 


they are defined. Fig. 4 illustrates this in two variables 


for the most common ones. This results in a nearly 
unique synthesis of larger functions using these blocks. 
That is, the canonical form of the synthesized functions 
is unique within the sense of duality. Thus, minimali- 
zation in second-order equation form may be approxi- 
mated with standard techniques. This is true fon other 
than AND and or functions satisfying this condition, 
provided we supplement the procedure with some ad- 
ditional rules dependent on the functions used, al 
though this is not generally realized.* Treatment of this 
problem for two important functions can be found in 
reference 3 and circuits implementing them in refer- 
ence 4. Synthesis within any sense of minimality has 
not been solved for functions with multiple ones and 
in all is 
difficult. A simple example of a multiple “I” function 


zeros their tables. In some cases synthesis at 
of current interest is the majority function used par- 
ticularly in microwave switching. 

One of the most powerful aspects of devices which 
perform multiple “1” functions is that they cannot tell 
one “1” from another. That is, if the device is com- 
patible with itself circuitwise and has gain greater than 
unity, it has possibilities of bistability with d-c stability 
its different “I’ 


in states. (This will be shown later.) 


One such device is considered in this article and its 


stability potential is exhaustively explored. Although 
independently developed, there is paper in the litera- 
ture that treats these multiple “1’’ functions, and al- 
though much of this paper uses the same 2-collector 
transistor for illustration, neither the approaches not 


results overlap but are complementary.° 


COMBINATORIAL POWER OF 
2-COLLECTOR 


A SINGLE 
PRANSISTOR 

‘THE SIMPLEST that still re- 
tains the crucial switching action among hook col- 


multicollector transistor 


lectors, is the 2-collector version. We shall largely con- 
“ j 


*This addition of a few simple rules is adequate only if the basic set 
of functions is functionally complete and contains either no redundant 
functions or no more than one function which dual of another 
in the 


is the 
set 
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Fig. 3 (left). Integrated device. Fig. 4 (right). Tables for common functions having output for one row uniquely one or zero. 
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Fig. 5 (left). Single-element full adder circuit device. Fig. 6 (right). 


Inverting and noninverting amplifier with negligible skew between 


outputs. 


fine ourselves to this case with occasional indications 
of the logical effects of more collectors. 

The most negative potential of an input or a col- 
lector will be referred to as “0” (logical zero); the most 
positive as “1” (logical one). The logic block symbol for 
the device is shown in Fig. 2. The circles will contain 
the number of current units supplied by S/, and drawn 
by $2 through $5 when the latter inputs are at “0.” 
One unit of emitter current is defined as that current 
which will reliably hold C/ in saturation and C2 cut 
off. 

The most obvious usage of this device is suggested 
in the collector-emitter plot of Fig. !. Collector | sat- 
urates for one and three units of emitter current. If 
each current unit were generated by the presence of an 
input voltage variable in the logical “1” state, C/ would 
give the sum modulo two, or binary sum, of the three 
variables. Collector 2 saturates for two and three units 
of emitter current. This is the carry expression of bi- 
nary addition. Thus, a single device can be used as a 
full adder. The block diagram of Fig. 5 shows the con- 
figuration. This single, solid-state device is directly 
performing two different logical functions which, for 
example, in the Nor circuit®* would require about nine 
transistors and possibly a delay of six levels of gating. 
“0” takes 
all the current, allowing no emitter current and hold- 


The Add line is a control which when at 


ing both collectors off. If Add is up, however, and ex- 
actly one of the inputs x, y, or carry ¢ is up, the other 
two will drain two units of currents, leaving one unit 
of emitter current saturating C/ and holding C2 cut 
off. The sum is “1” and the carry is “0.” If any two 
of the inputs are up, there is a l-unit current drain, 
and the remaining two units saturate C2 and hold C/ 
“1.” Tf all three 


are up, there are three units of emitter current and 


cut off. The sum is “0” and the carry is 
both collectors saturate; the sum and carry are both 


wig 5 Add 
of its combinatorial potential for functions of two vari- 


This circuit without the control and some 
ables has been published elsewhere. 

This circuit element has many useful modes as a 2- 
output device, For example, it can operate as both an 
inverting and a noninverting amplifier at the same 
time, with very little skew between the two signals 
(as shown in Fig. 6). The physics of the device in this 
configuration requires, for example, that to turn on 
C2 the device must turn off C/. Thus the signals are 


not a block of delay apart, as usually happens. This 
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inversion is significant in that the device is basically 
a noninverting circuit (a grounded base driving a 
grounded collector). 

In other configurations the 2-collector transistor can 
operate as both an amplifier and a logic block at the 


same time. In Fig. 7, for example, 


cl xy 


"9 


x 


Collector 1 is performing logic with the inputs, while 
collector 2 is amplifying one of them. This block in- 
creases the branch-out factor of the x variable rather 
than decreasing it, as most loading does. In this case, 
instead, by driving a load such as Fig. 7, we have the 
effect of increasing the number of loads that can be 
driven. 

\nother increased loading circuit is shown in Fig. 8, 


where 


The loading capabilities of the collectors are independ- 
ent, so this 4-input AND can drive twice the single- 
collector capacity. Notice also that the increased drive 
is not at the expense of speed as in conventional cir- 
cultry. 

The two outputs can perform logic independently as 
well. A simple example is Fig. 9, item a, where 


This could save the need for an inverter and the delay 
it entails if both functions were required. 

The circuit of Fig. 9, item b, in addition to being a 
useful 2-output block of three variables, shows one of 
the interesting possibilities of this transistor in clocked 
systems. If z were a clock or control signal, we would 
have an AND and an oR output gated with the clock 
pulse. 


In an interesting hybrid of this (Fig. 9, item c) we get 
the same two variable functions, but only one of them 


is clocked. 


L c2 i 


z —() 


Fig. 7 (left). Circuit acting simultaneously as a logic block and an am- 
plifier. Fig. 8 (right). Logic block with double the normal drive. Dou- 
bling drive here does not delay signal. 
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Another possibility is to clock 
put as well 
(Fig. 9, 


asa logic output. 
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Each current sink St may take values I, 2 
3, or 4. If SJ = 3 and $3 2, for example, 
it means that when x is logical zero, then 
and only then will S$? drain two units of 
current from the $-unit source, if available. 
No more than S/ units can drain at one 
time. An Si 0 means it is not in the cit 
cuit. One unit of current is defined as 

emitter Current necessary 


that amount of 
to saturate Cl and hold C2 cut off. 


— 


add control signal ) | 
| 
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Fig. 9. Logical functions that may be syn- 
thesized by using the current-sink values 
in the left columns. 
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or gate an amplifier out- 


Assume x is a clock signal 


all three input variables, 


logic may be considered 


with equal significance in either pulsed or level systems. 


More 
(Fig. 9, 


comple x functions 


item e): 


xyz + tyz 
(Incidentally, these equations 
form.) 


minimal] Using the 


these two functions in two le 
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are 


NOR circuit,* 


synthesizable as well 


are all given in algebraic 


vels (to keep close to the 


* to synthesize 


number of delay—one—in the 2-collector circuit) would 
require more than a dozen transistors, depending on 
the number of inputs allowable, plus four more tran- 
sistors for input inverters to C/ if complements were 
not available. the functions all 
signals (not including any inverters driven) must drive 
seven the 
load, 
The 


device 


Further, in two foun 


gates. In 2-collector circuit, each variable 


drives but one and inversion and its delay are 


unnecessary. 2-collector transistor’s potential as a 
the fact that a 
realizable in several different con- 
figurations, each with a different function at the other 
collector, 


) 


2-output lies largely in given 


function is usually 
Thus one has a fair chance of selecting a cir- 
cuit where the second output is usable. 

Besides these examples, there are a great many more 
functions of three and four variables capable of being 
generated with a single A few of these are 
listed in Fig. 9 along with the circuit parameters for 


element. 
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Fig. 10. Set-reset 2- 
collector transistor 


circuit with comple- 





mented outputs. 

















their generation. Some measure of their number may 
be given by a comparison with the number of classes 


of functions of three variables. Each class contains all 


the functions of three variables equivalent under in- 


versions and permutations of the variables. There are 
20 such classes.® 
transistor synthesize a number 


The 2-collector can 


of functions within each class of all but three-classes. 
In addition, it can synthesize a large number of 4-vari- 
able functions. The combinatorial logic potential in- 
creases with the number of collectors, providing the 
number of inputs and the permissible range of theit 
current-sink values keep pace. 

By way of comparison a study was made of the num- 
NOR Ccircuits?* necessary to synthesize 


ber of transistor 


this same set of classes of functions. It was found to 
average 3.1 transistors per class as opposed to the one 
2-collector transistor per class. 

What takes two to six or more levels of gating in the 
NOR and most transistor circuits requires only one level 
in the 2-collector transistor. Thus, assuming equal 
switching speeds of both circuits, the effective speed ol 
the 2-collector circuit is at least doubled and, since the 
number of blocks is fewer, the number of mechanical 
connections is reduced. And whenever the outputs of 
both collectors can be used, we have even greater sav- 
ings. 

SINGLE-ELEMENT SEQUENTIAL CIRCUITS 

THE 2-COLLECTOR TRANSISTOR is perhaps even more 
potent as a bistable device. The simplest bistable con- 
figuration is shown in Fig. 10. Here, its multiple-one 
nature allows us to use it as a d-c set-reset flip-flop. 

Starting in the zero state, f is one and f is zero. S is 
normally down and R is normally up. § and f each draw 
one unit of current, leaving one unit of emitter current 
which holds f on and f off. The system is stable. 

When we bring S up, another unit of current goes to 
the emitter; this 27 starts to bring C2 up and C/ down, 
but C2 going up switches in all three units of emitter 


current, holding both C/ and C2 at “1.” In this transi- 


tion to the “Il” state, both f and f are “1.” This condi- 


tion is stable as long as § remains up. When § returns 
to zero, one unit of current is drained. However, R and 
f are now up, so the emitter receives 2i, f goes to zero, 
and f stays “1.” The system is now stable in the “I” 
state. In the transition to the “1” state, stability with d-c 
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inputs was allowed by the multiple-one aspect of C2. 


That is, collector 2 was a “I’’ both when S$ went up 


(for 37, state 4) and after S went down (for 22, state 3; 
see Fig. 1). 

If we now bring R down, a current of 27 is being 
drained through R and S. The |: resultant emitter cur- 
rent turns C2 off and its feedback loop drains the last 
unit of current, bringing C/ down to zero. In this tran- 
sition to the zero state, both f and f are held stable at 
zero. 

When R returns to one, § and f drain two units of 
current and the remaining li brings f to one and holds 
f at he 
Note that applying simultaneous pulses to the set and 


zero. system has returned to the zero state. 
reset does not affect the flip-flop, since the li drain to 
the reset is supplied by the set. 

This is by no means the only flip-flop that can be 
built. In fact, there are a very large number of logically 
different flip-flops that can be synthesized with the 
single device. These can be broken into two classes: one 
requires pulse-width control of the inputs similar to 
that of an Eccles-Jordan binary trigger; the other oper- 
ates d-c, largely independent of the input rise times. 
Chere are a large number of very interesting such flip- 
flops, all more interesting than the Eccles-Jordan from 
the logical point of view. A few of the a-c flip-flops are 
shown in Fig. 11. 

Fig. 12 shows a typical a-c flip-flop. The two inputs 
to this device, T/ and T2, will separately trigger the 
C1 collector, provided their pulse width is just less than 
the oscillation period of the device. When pulsed si- 
multaneously, they set the device to a “1” state. The 
two inputs are normally “|.” The triggering pulses 
bring them to zero. Suitable pulse-width control, such 
as a positively clamped differentiating network, must 
exist at the inputs, 

In order that the operation of this device may be 
discerned, some care must be taken in a stability anal- 
ysis. The excitation matrix of Fig. 12 shows the states 
of the feedback loops along the rows and the states of 
the input variables along the columns. At the inter- 
section of each column and row is the output which 
the circuit will try to achieve under those input condi- 
tions. If the excitation on the feedback loops and the 
outputs are the same for fixed inputs, the device is 
indicated in the transition matrix by 


stable. This is 


circles in the stable boxes. The dots in the boxes corre- 
spond to unstable conditions, when the output the cir- 
cuit is trying to achieve differs from the present output. 

The device does not always go where it is trying to 
1, C2 =0, T1 = T2 = 1; here 
both collectors will try to change, C/ to go off and C2 


go. For example: C/ = 


the device turns on much faster 
than it turns off, so that it will actually go to C/ = C2 
= T] = T2 = 
indicated by the arrows in the transition matrix. 


to go on. However, 


1, which is stable. The transitions are 

There are two pairs of nonstable states which, when 
entered, will cause the device to oscillate as shown by 
the arrows, Suppose we start in state 1, the zero state. 


T/ and T2 are normally one, C/ is zero, and C2 is one. 
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Fig. 11. 
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(C) 


If T/ is brought down to zero and held there just long 
enough to change rows in the matrix, the device will 
settle in stable state 2 with C2 = 1. A similar transition 
to state | will occur going through the same pulse se- 


quence, Clearly, identical circuit action may be accom- 
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plished by pulsing T2 in the same fashion. A similar 
analysis shows the device will set if both inputs are 
pulsed simultaneously. 

As another example, consider the circuit of Fig. 9 (A). 
Here we can normally sit in stable states | or 2. T2 sets 
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and T/ resets with no pulse-width control. The device 
is reset dominant. Note also that both outputs in the 
stable state are the same. This means that this flip-flop 
has double the drive potential. 

Tl were 


the 


and 
pulse-width controlled, T/ would trigger 
and T2 would set it. 


If we used states 3 and 4 as “home,” 


device 


Ihe other class of flip-flops are d-c, largely independ- 
ent of input rise times, such as Fig. 10, having no re- 
striction on the length of the input pulses (except a 
minimum width, of course). These are all more inter- 
esting, and more powerful, than the typical set-reset 
flip-flop of the Eccles-Jordan variety. A few of the possi- 

9 


ble ones are shown in Fig. 13. 


> 


Ihe circuit of Fig. 13 (A), for example, has two reset 
inputs and one set input. If S only is pulsed, the device 
sets. For any other combination of inputs except the 
normal home column, the device resets. 
Again these are but examples. A large number of 
the possible bistable 3-input flip-flops can be synthe- 
One the 


seeing these flip-flops as merely differing in a nearly 


sized, must not make mistake, however, of 


Their 
logical difference is enormous. In effect, these are flip- 


trivial way with respect to current-sink values. 


flops with two levels of gating in the set and reset lines. 
Fig. 14 compares a typical 2-collector flip-flop with its 
logical equivalent laid out in Nor circuitry. Not only 
do we have (in this example) a 6-to-] ratio of compo- 
nents, but also a 2- or 3-to-l ratio in delays, assuming 
equivalent delays per block. Note also that the 2-col- 
lector transistor loads down the signals much less than 
the other. 


MULTIELEMENT SEQUENTIAL CIRCUITS 
THE 2-COLLECTOR transistor circuits combine to han- 
efficiently as they 
shift takes 
two elements per bit (see Fig. 15). Here it is of interest 


dle larger sequential problems as 
handled 2-stable-state problems. A registe) 


to note again a property of this device which is a great 
saving in sequential circuits. The 2-collector transiston 
turns on faster than it turns off, and it appears that it 
can be made reliably so. We see a usage of it in this 
circuit, 

\ flow table of the circuit is shown below each stage 
of the shift register. A is the flip-flop normally holding 
the information, and B acts as a transfer stage during 
shifting. With Shift equal to zero and Not Shift equal 
to one, A and B are stable; B equals zero and A equals 
one or zero. J, is, like 73, equal to zero, 
the “]” 
1. As Shift 


Shift to zero, device B turns on before 


state; B in 
Not 
A turns off (de- 


Assume A is in stable state 5, 


stable state 4, C in state goes to one, 


vice specification). B goes to stable state (2), A goes to 
t or 6 depending on input, sending B to state 5 and C 
to 4. 

When Not Shift goes to one and Shift to zero, the 
same sequence (by symmetry) transfers B to A. So each 
state gets reset Shift or Not Shift 
pulse, but before it gets reset and providing it was in 
a “I” state, the next stage gets set. Note that in the 


information each 
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Fig. 12. A 2-input 
binary trigger circuit 
where pulsing both 
inputs sets the feed- 
back to 1. 
width control of in- 


Pulse- 


puts is necessary. 


EXCITATION MATRIX 


normal stable states | and 5 the complemented outputs 
are available. The same circuit can be used as a ring 
using only one element per bit. 

Fig. 16 shows a d-c binary trigger whose operation is 
largely independent of the input rise time. Assume C/ 
as the zero state of the trigger and C2 as the one state. 
Ci, C2, 


There is no 


Starting from the zero state, conditions are: 
and T 


emitter current in device B and both collectors remain 


are at zero. T and C/ are at one. 


off. There is one unit of emitter current in device A 
holding C/ on due to the 2-unit drain, one to C/ and 
one to C2 

When T goes to one 
device B to C2’: the 


Cl’ on. Meanwhile 


This is stable. 

there is a two unit drain from 
remaining unit of current turns 
T goes to zero and Cl follows. This 


‘is a transitional stable state. 


When T 


of current drain to C2 leaving two units to turn on C2 


returns to one there is a transient one unit 
Cl’ follows T down to zero and provides the lI-unit 
drain necessary to hold C2 on. We are now in the stable 
“1” state. This transition is possible because 4 turns on 
faster than B turns off. 

When T goes to one again, C2’ goes up and C2 goes 
down, resulting in a transition stable state. T going 
down turns CJ on and C2’ off and we are back to the¢ 
zero state. 

Bench testing has verified the basic assumptions 
about device response and confirmed predictions of se- 
quential circuit operations in what often involved high- 
ly complex sequences of interactions among collectors, 


inputs, and feedback loops. 


CONCLUSION 


THE EFFECT of this device is to compress more of the 
switching into a single device by controlling the car- 
riers across interacting junctions. This tends to increase 
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Fig. 13. D-c sequential circuits the operation of which is largely independent of input rise time. 
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(E) 


In some combinatorial circuits the logical design 
becomes greatly simplified. There is no need to mini- 
mize a function of three variables; it can be done in 


effective switching speeds and decrease component 


count and mechanical connections, It can also have the 


effect of greater driving power and packaging density. 
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Fig. 14. Comparison of component count and levels of delay of a typi- 
cal 2-collector sequential circuit (top) and its NOR equivalent (bottom). 


Fig. 15. 


counter). 
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element per bit 


Fig. 16. D-c binary trigger. 


EXCITATION 
MATRIX 


TRANSITION 
MATRIX 


PNP NOR CIRCUIT 
EQUIVALENT 


a single device. The selection of the circuit for the 
function is efficiently handled with a table look-up pro- 
cedure which makes it very amenable to computer de- 
sign of computers. 

In sequential circuits the flip-flops contain so much 
combinatorial power that in some cases the combina 
torial circuitry is eliminated. Instead of having flip-flops 
feeding combinatorial circuits feeding flip-flops, we can 
have flip-flops feeding flip-flops with no loss in logic. 
An example is the shift register in Fig. 15. 

In conclusion, it should be pointed out that this arti- 
cle indicates not merely usage of this device nor merely 
of this phenomena; but a basic new direction for ow 
research, one in which we may find effectively faste1 


speeds and tewei components. 
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\ rocket engine identical to one that launched the 
first U. S. astronaut into space is readied lor shipment 
from Rocketdyne, a division of North American Avia- 
tion, Inc. The liquid propellant A-7 burns alcohol and 


liquid oxygen. “Workhorse” engine has set unprece- 


dented reliability record in 71 previous launchings. 
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Heat Transfer Aspects of Electric Heating 


B. ROLSMA 


OULEAN HEAT generated when an electric current 
J passes through a conductor is considered to be an 
undesirable by-product by the majority of electrical en- 
gineers engaged in designing electric apparatus and, 
therefore, great care is taken to reduce it to a minimum 
in these designs. Electric heating element designers, on 
the other hand, are continually searching for new ways 
to generate more heat. In one respect, however, both 
the designer of electric apparatus and the designer of 
electric heating elements have a common goal in that 
both are desirous of dissipating the generated heat with 
as small a temperature differential as possible between 
the hottest point within their respective equipments 
and ambient. 

Although not physically separable, the heat transfer 
aspects of electric heating, for discussion purposes, are 
divided into two general areas: heat transfer within 
the elements, and heat transfer from the surfaces of ele- 
ments. It is well recognized that the temperature within 
an electric heating element is determined to a large 


degree by the rate of heat transfer from the surface of 


the element; however, the engineer applying stock heat- 
ers is not interested in the internal heat transfer prob- 
lem, but in the problem of dissipating the energy from 
the surtace of the element; hence, the division between 
the internal and external problems. 

Since the basic differential equations describing the 
steady-state heat transfer with Joulean heat generation 
for electric windings, or coils, are identical to those 
which may be written for electric heating elements, the 
solutions obtained for the temperature distribution 
within electric coils are directly applicable to the design 
of electric heating elements provided, of course, that 
the geometric and boundary conditions correspond. 
Exact solutions to the differential equations for steady- 
state heat transfer within electric coils with heat genera- 
tion are available in the technical literature, and these 
range in form from quite simple algebraic equations 
to very complex relationships involving several infinite 
series expressions. The least complex solutions apply to 
coils or heating elements having the shapes of an infi- 


nitely wide plate, an infinitely long cylinder, or a 


sphere, considering that the surface temperature of the 


coil is fixed and that the thermal conductivity of the 
coil material and the rate of heat generation are invari- 
ant with temperature throughout the coil. Although the 
boundary conditions and assumptions are unchanged 


from those just cited, the temperature within an infi- 
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nitely long coil of rectangular cross section is described 
by an expression containing two infinite series. When 
the thermal conductivity is considered to vary with both 
temperature and direction in a coil of rectangular cross 
section with temperature-dependent heat generation 
and varying surface temperatures, the solution contains 
four infinite series expressions. 

Quite often, as a result of geometric or boundary 
condition considerations, the exact solution to the dif- 
ferential equation of heat transfer within electric heat- 
ing element is intractable. When this occurs an ap- 
proximate solution to the problem can be obtained by 
utilizing numerical analysis techniques to solve finite 
difference equations of steady-state heat transfer within 
the element. These numerical analysis techniques may 
be performed with the aid of a desk calculator, or pro- 
grams may be written to direct a digital computer to 
do the necessary calculating. 

Not to be overlooked when obtaining approximate 
solutions to steady-state heat transfer problems are the 
simulation or analog techniques. When, as is considered 
here, steady-state conditions exist, the passive- or net- 
work-type analog computer is generally more suitable 
than the active or electronic computer. 

All modes of 
forced convection, and radiation are active to one de- 


heat transfer, conduction, free and 
gree or other in removing the heat from the surfaces 
of electric heating elements, and engineers engaged in 
the design or application of these elements must be 
familiar with all of the mechanisms of heat transfer. 
Failure by either the design or applications engineer to 
recognize the controlling heat transfer means or the 
factors which influence it in any given instance can only 
result in premature, or even instantaneous, failure of 


the element. 


CAUTION IN USE OF DATA 


MUCH INFORMATION in the literature on heat transfer 
from surfaces can be directly applied to electric heating 
element design and application. When data on heat 
transfer by radiation and conduction from surfaces are 
applied to electric heating problems, generally, no 
problems arise. However, when data on forced or free 
convection heat transfer from the literature are consid- 
ered, care must be exercised, for when surface tempera- 
tures vary in convection heat transfer investigations, the 
surface heat transfer coefficients reported are usually 
based on the average surface temperature and not on 
the hot spot temperature. Since it is the hot spot tem- 
perature that determines the rating of electric heating 
elements, surface coefhcients based on average surface 
temperatures are not applicable. 
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Microsystem Circuit Analysis 


P. S. CASTRO 


An important microminiaturization technique is 
that of realizing complex network components 
by means of resistive and dielectric films. A gen- 
eral method for analyzing these film-type net- 
works, built around the theory of indefinite 
matrices, is presented and simple rules are de- 
veloped for generating subnetworks from a 
given 4-terminal network. 


ONSIDERABLE EFFORT has been expended in 


the investigation of the characteristics of thin 

films and the application of these films as circuit 
elements in electrical circuits. The motivation behind 
this effort is the current intensive need for microminia- 
turization. Essentially of zero volume, thin films make 
the inherent density of circuit elements produced from 
such films very high. Complete circuits constructed of 
films of electronic materials are included in the generic 
name of microsystems electronics, which is the official 
term adopted by the AIEE Solid State Devices Com- 
mittee. 

The reduction of volume afforded by microminiaturi- 
zation techniques is now recognized by many as not 
being the primary goal of such techniques.® In fact, ex- 
treme microminiaturization generally raises more 
problems than it solves with regard to handling, inter- 
connections, etc. One of the primary goals of micromin- 
iaturization is increased reliability. The microsystem elec- 
tronics technologies increase reliability through a reduc- 
tion in the number of connections which must be hand 
soldered. Interconnections between films are made dur- 
ing fabrication and form an integral part of the circuit. 
By using highly stable film materials and film protective 
coatings, film resistors and capacitors can be constructed 
which, in turn, are highly stable. 

In addition to film resistors and capacitors, which 
have familiar electrical properties, a new class of circuit 
elements can be constructed from thin films simply by 
that thei 


depositing resistive and dielectric films so 


electromagnetic fields interact.2** These circuit ele- 


ments called distributed networks and 


have interesting and novel circuit functions which can- 


are parameter 
not be realized using a finite number of lumped resist- 
ances and capacitances. Four basic distributed parameter 
networks are considered. Two of these can be re- 
alized using existing materials and techniques; the other 
two require material properties not presently available, 
but their electrical characteristics are easily inferred by 


analogy to the first two networks. 
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THE R-C-NR NETWORK 

ConsineEr the basic structure shown in Fig. l(a). This 
structure consists of a dielectric film sandwiched by two 
resistive films and is referred to as an R-C-NR network.* 
By a combination of several such structures, more com- 
plex configurations can be realized. Alternatively, by 
selecting appropriate values of N and suitably selecting 
interconnections between the four terminals of this 
basic structure, a complete series of subnetworks may 


be obtained. 


R-C-NR Network. 
the 


the 
an elemental 


Analysis of The equivalent 


circuit of section of basic structure, 
Fig. 1(b), gives the differential equations governing the 


sinusoidal steady-state voltages and currents as 


= jo (1 + N)rev 
and 


di, dis 


dx dx ae @) 
where @ is the angular frequency of the impressed si- 
nusoid, and r and ¢ (assumed constant) are the resist- 
ances and capacitances, respectively, of the films pet 
unit length and per unit width. This analysis neglects 
edge effects of the films. It should be noted that these 
equations are diffusion equations. 


[he solutions to these equations are 


iw 
— (4° — Be 


a 


where 4, 8, D,, and Dy, are arbitrary constants and 


a V jolt + N)re (6) 


Evaluating these arbitrary constants in terms of voltages 


RESISTIVE 
7 FILMS 


DIELECTRIC 
FILM 








Fig. 1. Basic R-C-NR structure and equivalent circuit of an elemental 


section. 
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Fig. 2. Voltages and cur- 
of the R-C-NR 


structure. 
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(a) 


rents 


Fig. 3. Labeling of R-C-NR network 
for (a) admittance and (b) impedance 


formulation. 


and currents applied to the terminals of the basic net- 
work leads to 


(7) 
(8) 
(9) 
(10) 


1) + Ble? 


6) 4 


Bil 


for the voltages applied to the terminal pairs as shown 


in Fig. 2, and in which G is an arbitrary constant and 


(11) 
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where L is the total length of the films, R = rL is the 
total resistance of the resistive film, and C = cl. is the 
total capacitance between resistive films. The terminal 
currents are given by 


(A& Be 


(13) 


(14) 


(15) 


Indefinite Matrix Form of Solution. Equations 7 to 
15 give the general solution for the basic 4-terminal 
A, B, and G. If the 
network is to be specialized further, for example, by 


networks in terms of the constants 


connecting a driving generator across a given pair of 
terminals and connecting or floating other terminals, 
these constants can be evaluated in terms of the driving 
generator for each configuration. 

Alternatively, the constants A, B, and G can be elim- 
inated once and for all and the terminal currents given 
in terms of the terminal voltages. Writing these rela- 
tions by means of an indefinite admittance matrix 
yields the relation shown below in equation 16, where 
the labeling corresponds to that shown in Fig. 3(a). 
The indefinite admittance matrix makes possible the 


treatment of all terminals on an equal basis, and 


simplifies the derivation of parameters for particular 


conhigurations.* 
For certain configurations an impedance rather than 


an admittance formulation facilitates the derivation 
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ONE - PORT 
CONFIGURATION 




















Fig. 4. Unique one- 
ports obtained from a 
network. 














4-terminal 





and is shown in equation 17, where the labeling corres- 
5 (b). 
If an indefinite impedance matrix is used, the volt- 


ponds to that shown in Fig. 


ages and currents must be taken as port, or terminal- 
pall quantities. 
CATALOG OF SUBNETWORKS 
THE OPERATIONS for indefinite matrices developed 

the appendix will now be applied to identify all unique 
subnetworks resulting from the R-C-NR 4-terminal net- 
The 
the R-C-NR network will be shown to result in 13 one- 


work derived in the previous section. symmetry of 


ports and 12 two-ports. 
NR tor 


different network functions, the 


Although interchanging R and 


nonsymmetrical networks will yield slightly 


actual configuration of 
these 


networks is not considered separately. This is 


equivalent to a definition of a unique network as one 


in which an interchange of input and output ports 


does not constitute another network. 


Network Code. 
indicate the operations necessary to derive the one-port 


A network code has been devised to 


and two-port networks from the basic 4-terminal net- 


work. The method of coding is as follows: Each net- 


— 








eer: 3 





1, 


init tif 








Fig. 5. Unique R-C-NR one-ports. 
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OF TWO-|SYMMETRY 
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TWO- PORT 
CONFIGURATION 

















Fig. 6. Unique two- 
ports obtained from a 
network. 


iE: 


work is assigned a serial group of four quantities. 














4-terminal 





The 
first one of the serial indicates the conditions of termi- 
nal a, the second indicates the conditions of terminal 
b, etc. 

These quantities are: 


- measured terminal 
measured terminal different from 1 
common reference terminal 
terminal which is floating 
terminal which is connected to another terminal and left 
floating (used in pairs) 
measured terminal paired with | 


2’ — measured terminal paired with 2 


One-Ports. Five distinct types of one-ports result by 
applying successive matrix operations on the indefinite 
impedance or admittance matrix. Fig. 4 shows each type 
with the corresponding number of unique one-ports 
The 


type 


elementary combinational rules. 


R-C-NR 
factor of 4 or 2 or | according to the 
R-C-NR The 


unique one-ports are explicitly drawn in Fig. 5, 


obtainable by 


symmetry of an network reduces each 


by a inherent 


symmetry of the network. resultant 13 
giving 


the appropriate code which identifies the one-port. 


Two-Ports. 
4-terminal (bridge) networks. Fig. 6 catalogs each type 


Two-ports may be either 3-terminal or 


with the corresponding number of unique two-ports. 


The symmetry factor for R-C-NR two-ports may be 4 


9 


or 2 o1 thus, a total of 12 unique two-ports results. 


Using the results in Fig. 6, the unique two-ports with 
appropriate codes can then be drawn at once as shown 
in Fig. 7. Two successive matrix operations are re 
quired to derive the network characteristics of each two- 
port with the aid of the indefinite matrix coefficients 
of the R-C-NR 


concerned primarily with network techniques, the re- 


network. Since this investigation is 


sults will not be catalogued; however, they have been 


presented elsewhere.‘ 
and Redundance. 


Symmetry Some interpretation of 


the symmetry factor appears to be in order. Although a 
rigorous demonstration is considered beyond the scope 


of this investigation, several useful rules can be stated: 
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Fig. 7. Unique R-C-NR two-ports. 


1. The 


symmetry 


symmetry 


factor gives a correlation between 


the of the general configuration and the 

symmetry of the specific network under consideration. 
». If the symmetry factor is high, the specific network 

introduces a high degree of redundance. 

3. If the symmetry of the original network is high, 

the symmetry of the derived subnetwork is low, inas- 

much the subnetwork introduces less 


as eenerated 


change, no matter how symmetrical it is. 

1. If the original network is completely symmetrical, 
the symmetry factor is equal to the total number of 
subnetworks of each type. 

5. If the original network is completely asymmetrical, 
the symmetry factor is equal to unity. 


THE C-R-NC NETWORK 


R-C-NR 
film sandwiched by 
two resistive films, a C-R-NC network may be defined 


IN THE SAME MANNER that an network is 


defined as consisting of a dielectric 
as consisting of a resistive film sandwiched by two di- 
The structure of the C-R-NC network is 
Fig. 8 (a), 


8 (b). 


electric films. 


illustrated in with the proposed electrical 


symbol in Fig 


The 
compost d of a 
Fig 


resistance per unit length of the resistive film, c is the 


C-R-NC network may be considered as 
ol R-C 


9. On a per-unit-width basis, r is the 


cascade infinitesimal elements 


shown in 
capacitance per unit length between the resistive film 
and the top conducting layer, and NC is the capacitance 
per unit length between the resistive film and the bot- 
layer. 


tom conducting 


sinh @ 


N+1 
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6+2Ntanh — 
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0 


6—2tanh — 
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(b) 


Fig. 8. Structure and electrical symbol of the C-R-NC network. 
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di, Y Nedx 


Elemental circuit of C-R-NC network. Fig. 


V5 Vp dv, 








Fig. 9 (left). 
Terminal voltages and currents of C-R-NC network. 


10 (right). 


Assuming r, c, and N constant, the differential equa- 
tions for the voltage and current of the C-R-NC net- 
work under steady-state sinusoidal excitation are 


au 


dx 


dve 


jwc (1 + N)rei and =—if 
dx 


with the solutions 


“as and 


(Ac™ 


+ Dy 
+ Do 


az 


Be 


ar) 


Ae 
B, 
Viw(l + N)re. Notice the similarity between 
these equations and those for the R-C-NR network. 


a) ( 


where 4, D, and D, are arbitrary constants and 


a 


Matrix Representation. An identical procedure to 
that used for the R-C-NR network can now be used to 
evaluate the arbitrary constants of the above equations 
in terms of the applied voltages and currents. It is then 
found by straightforward manipulation that the termi- 
nal voltages and the terminal currents can be written 
in terms of an indefinite admittance matrix, where 
§ = Vjw (1 N)RC, R is the total resistance of the 


resistive film, C is the total capacitance between films, 


== 


and the terminal voltages and currents correspond to 


those shown in Fig. 10: 
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- —tanh — 
sinh 6 2 


6 N @ 
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2 N+1 2 
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Fig. 11. Port voltages and cur- 
rents of the C-R-NC network. 








similarity between the indefinite admittance 
the C-R-NC network 


pedance matrix of the R-C-NR_ network should be 


The 
matrix of and the indefinite im- 


noted. These two matrices are identical if R is re- 
placed by jwC and jwC is replaced by R. It is seen that 
§ remains unchanged. Furthermore, since it is shown 
in the appendix that the transformation from admit- 
tance to impedance is identical with the transforma- 
tion from impedance to admittance except for a change 
in labeling, we can immediately write the indefinite 
impedance matrix (shown at the bottom of the page) 
of the C-R-NC network as being that of the indefinite 
admittance matrix of the R-C-NR network, replacing 
R by jwmC and jwC by R. The voltage and currents 
correspond to those shown in Fig. 11. 

In general, it is seen that a duality exists between the 
R-C-NR network and the C-R-NC network in that R is 
replaced by jwC, jwC is replaced by R, admittance is 
replaced by impedance, and terminals are replaced by 
ports. Thus, open-circuit voltage transfer functions for 
the R-C-NR network become short-circuit current trans- 


fer functions for the C-R-NC network. 


FREQUENCY IMAGE NETWORKS 


IN THE TWO PREVIOUS SECTIONS, R-C-NR and C-R-NC 


networks were examined and were shown to be volt 
age-current duals. In Fig. 12, the quantities which re- 
place each other in the description of these networks 
are shown. 

NC-R-C and NR-C-R Networks. In addition to the 
voltage—current duals, Fig. 12 also shows two networks 
with properties which are frequency images to those of 


the R-C-NR and C-R-NC networks. These networks are 


obtained by replacing resistance with capacitance and 
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Fig. 12. Comparison of networks. 


capacitance with resistance in the elemental circuits of 
the R-C-NR C-R-NC 
large number of elemental circuits, the distributed pa- 
rameter networks of the type NC-R-C and NR-C-R are 
networks is 


and networks. By cascading a 


obtained. An electrical symbol for these 
difficult to draw to correspond to these electrical prop- 
erties, and has not been selected. Although these net- 
works have not been realized to date, because materials 
with the desired electrical properties have not yet been 
discovered, it is instructive to examine their anticipated 


performance. 

indefinite ad- 
NC-R-C net 
work are obtained from those of the R-C-NR network 
R with 1/j@€ jiwC with 1/R. The 
is changed from \/jw(1+-N)RC 


N)/j@RC, demonstrating that these two 


Image Character'stics. The 


Ire que ncy 


mittance and impedance mat: es of the 


by replacit and 


1g 
frequency val iable 


to Vc 


networks have transfer functions which are frequency 


images on a los scale reflected about the 


axis wRC l 
from @RC l 


frequency 
The reflection axis can be changed 


to wRC = 


+1 by noting that the 
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AMPL'TUDE 





_wRC 
10 


Fig. 13. Frequency image characteristics. 


magnitude of the transfer function is an even function 
of » and thus is unaffected by the change, but that the 
phase is an odd function of @ and thus changes sign. 
These frequency image characteristics are illustrated in 
Fig. 13. 

In the the NR-C-R network can be shown 
to be the frequency image of the C-R-NC_ network. 
the R-C-NR and C-R-NC networks 
are NC-R-C 


NR-C-R networks. These characteristics are summarized 


Same Way, 
Furthermore, since 


voltage—current duals, so are the and 
in Fig. 12. 
CONCLUSIONS 

IN THE ANALYsis of microsystems electronics circuits 
with distributed parameters, the indefinite admittance 
and impedance matrices provide a versatile and effective 
tool. These matrices may be used in a systematic deri- 
vation of subnetworks obtained by imposing various 
constraints on the terminal and port variables of the 
general network. Novel network functions can thus 
be obtained from such subnetworks. 

By showing that the same transformation generally 
can be used to transform an admittance to an imped- 
ance (i.e. terminal to port) formulation as is used to 
transform an impedance to an admittance formulation, 
the principle of duality can be effectively employed. 
VC-R-C and NR-C-R networks have been 
postulated with frequency characteristics which are 


images to those of the R-C-NR and C-R-NC networks. 


In addition, 


Appendix 
The 


pedance matrix are admirably suited for investigating 


indefinite admittance matrix and indefinite im- 


circuit functions of subnetworks. Each row and column 


of an indefinite admittance matrix corresponds to a 


terminal current and a terminal voltage respectively, 
and each row and column of an indefinite impedance 
matrix corresponds to a port voltage and port current, 


respectively. Thus, all terminals and all ports (and the 


matrix manipulations involving these terminals and 


ports) ; treated on an equal basis 


\ complete duality exists between an indefinite ad- 


mittance and an indefinite impedance formulation.!° 


This duality will be emphasized in the following de- 


velopment, in which an indefinite admittance matrix 


analysis is paralleled with an indefinite impedance 


matrix analysis 


Subnetworks. Subnetworks are generated from a 
given network by applying one or more of the follow- 


ing two operations: 


1. Connecting two terminals, which is equivalent to 


540 
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shorting the port composed of those two terminals 

2. Floating a terminal, which is equivalent to con- 
necting two adjacent ports having this terminal in 
common.!! 


These operations can then be applied successively to a 
subnetwork to generate further subnetworks. 

Matrix operations corresponding to the two opera- 
tions described are summarized in Table I. The matrix 
operation of inversion consists of setting the independ- 
ent variable equal to zero and subsequently eliminating 
The 


operation of addition simply means adding the two 


the corresponding dependent variable. matrix 
independent variables affected and setting the two 
corresponding dependent variables equal to each other 
and thereby eliminating one of them. Table | exhibits 
the duality in both the terminal and port formulation 
as well as in the admittance and impedance operations. 

A third operation added to Table I makes one of 
the independent variables the reference variable. This 
is achieved by setting this variable equal to zero and 
is equivalent to crossing off the corresponding row and 
column in the matrix. 


Impedance and Admittance Matrices. It is often de- 
sirable to express the elements of the indefinite admit- 
tance matrix in terms of the elements of the indefinite 
impedance matrix and vice versa. It will be shown that 
a single transformation is sufficient to cover both cases, 
provided that ports and terminals are labeled appro- 
priately. This transformation is: 

P ) ( Ei ic 
* Us U4 
J ra 


where C* and U,* are the transpose of C and U,, re- 
spectively. The connection matrix C relates port and 
terminal quantities, and the matrix U, defines a unit 
matrix with the fourth column crossed off, 


Connection Matrix. The variables 
I; 
To 


I; 
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Table I. Matrix Operations for Subnetwork Generation 


Operation 
on 
Network 
Set Equal 
to 
Operation 
Terminals 
Operation 
Operation 
on 
Admittance 
Matrix 
Operation 


Port 
Voltage 


Short Add Rows Invert 
and Row 


Columns 


lerminal Connect 


Voltage 


Open Port Float Disconnect Invert Add Rows 
Current Row and 


Columns 


Terminal 
Current 


Ground Independent 
Variable 


Cross Off 
Row and 
Column 


Used as Used as Cross Off 
Reference Reference Row and 
Column 
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Fig. 14. Terminal voltages 


and currents for an ad- 


Ve mittance formulation. 
define the indefinite matrices 
Vien 


Yba 
and Z 


























where 


I7 Y Vr and Vp ZIp (18) 
The matrices Y and Z are made nonsingular by crossing 
off a row and a column; for example, the fourth row 
and the fourth column. The matrix operation which 


accomplishes this can be written as 


y’= Us; YU, and Z’= Us VU, (19) 


Defining 


Tz 
we have 
Ir’ Y’V7’ and Vp’ Z'Ip' 
with 
Yz= 0 and I, 0 
Inverting equation 20 yields 
Vp’ 


(2’)- (21) 


Figs. 5 and 7 show that terminal and port variables can 


Vr (Y’) ; Ir’ and Ip’ 


be related by the connection matrices Cp and Cp: 


Vp = CpV7 Ir Cr Ip’ 
and 
Ir’ Cpl p 


where 


1 1 | 
Pp 1 0 | and (C7 
| 
0 1 of of 0 


2 yields 


C 
Combining equations 19, 21, and 22 


and Ip = Cr [UsZUs" CrVr 


(23) 


Vp = Cp [Ug YUs\" Cp Ip 
showing that 
Z=Cp (US YU! Cp and Y= Cr" [UsZUS"' Cr 
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Clearly, this result is independent of U4; crossing off 


any other row and column would be equally well 


suited to transform the indefinite matrix to a definite 
matrix before the transformation operation is under- 
taken. The connection matrix depends of course, on the 
labeling of ports with respect to terminals. 


Relabeling. 


the same transformation when converting the indefinite 


In many cases it is advantageous to use 


impedance matrix to the indefinite admittance matrix 


as when converting the indefinite admittance matrix 


to the indefinite impedance matrix (i.e., using Cp == 
Cp). 


scheme is 


Chis can be done provided a different labeling 


used for each transformation. For example, 
the transformation given in the left-hand side of equa- 
tion 23 converts the labeling scheme shown in Fig. 14 
to that shown in Fig. 15. However, beginning with the 
labeling scheme shown in Fig. 15 and using the same 


s 


transformation (i.e., use C, instead of Cp in the right 


) 


hand side of equation 23), the labeling scheme which 


results is shown in Fig. 16. Comparing Fig. 16 with Fig. 
14, it is seen that the terminal labeling is rotated clock- 
wise by one terminal. Thus, starting with an indefinite 
admittance matrix of a network and transtorming it to 
an indefinite impedance matrix, and then using the 
same transformation to change the indefinite imped- 
ance matrix to an indefinite admittance matrix would 
result in an indefinite admittance matrix that would 
correspond to the first if the rows and columns were 
advanced one place. 

\ few properties of the transformation matrices may 
be learned by performing the matrix transformation of 
indefinite admittance to indefinite impedance to in- 
definite admittance, in general terms. Beginning with an 
indefinite admittance matrix Y, the indefinite imped- 


ance matrix is given by 

Z Cr [U; Y Uj‘ Cr 

where C, need not yet be specified and U; is the unit 
This matrix is 
* 


matrix with the 7th column crossed off. 


premultiplied and postmultiplied by | and U,, re- 


spectively, where | is the unit matrix with its kth 


column crossed off, and the inverse taken. 


At this point, to account for any changes in the la 


I 
beling scheme, pre- and postmultiply by some matrix, 
such as E* and E, respectively. If the transformation is 


completed by pre- and postmultiplying by Cp* and Cp, 


%. % 
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Fig. 15 (left). 
tion. Fig. 16 (right). Terminal currents after transformation from port 


Port voltages and currents for an impedance formula- 


currents. 
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respectively, the result should be the original matrix Y. 
Therefore, 

Y=(Cp E " Cr [U; YU ‘7 U,j—' ECp 
Pre- and postmultiplying by U;* and U; gives 
U; Yl 
lo 


braces, note that while Cy, and l 


Cp E* {U"Cr [U; YUJ“ CrU;,}|~! E CpU; (24) 


perform the inversion process indicated in the 


individually have no 


inverses, the product C,U, is necessarily square and 


k 


Must possess an inverse on physical grounds. Thus, 


equation 24 may be rewritten as 


(U8 Cr")! E(CpU)} 


Since this equation must hold for all Y matrices and 
since the expressions in the brackets are transposes ol 


other, it is that the brackets must be unit 


Thus 


each seen 


matrices 


(25) 


Ihe matrices C,, Cp, as and EF can thus assume 
» 


any form as long as they satisfy equation 25. In practice, 


the form of the matrices depend to a great extent on 


the characteristics desired in the intermediate indefi- 


nite impedance matrix. 


Returning now to the case of identical transforma- 


tion for indefinite admittance and indefinite imped- 


equation 25 may be 


matrices used to determine 


he change in labeling. Taking 


} 


it is foun 


This matrix is interpreted by noting that it operates 


on the port voltage vector to produce a relabeled port 


vector, belore it is transformed to the terminal 


le 
voltage 


voltage vector. It is seen that it represents a labeling 


scheme in which the port voltages are advanced one 


terminal, and the polarity of the voltages are reversed. 
Phe matrix £* performs the corresponding operation 
on the port current vector. The change in polarity is 
immaterial, since both voltages and currents change 
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sign simultaneously. Thus, this result confirms the re- 
marks made concerning the relabeling of ports and ter- 
minals when the same transformation is used for both 
admittance-to-impedance and impedance-to-admittance 
translormations. 
REFERENCES 

1. Microminiaturization of Electronic Assemblies (book), edited by 
E. F. Horsey, L. D. Shergalis. Hayden Book Company, Inc., New York, 
N. Y., 1958 


2. Network Design of 
vol. 32, Sept. 4, 1959, 


Microcircuits, C. K. 
pp. 44-49. 


Distributed RC Networks, A. B. Smith, G. I 
New York, vol. 58, Nov, 1956, p. 


Hager. Electronics, New York, 


$. Printed 


Manufacturing, 


Cooptr. Elec- 
121. 


frical 


Drummer. Wire- 


545 19 


4. Miniaturization and Microminiaturization, G. W. A 
less World, London, England, vol. 65, Dec. 1959, pp 


Bohrer Transactions, 
Radio Engineers, 


Protessional 
New York, 


5. Thin-Film Circuit 
Component 
June 1960, pp. 


Pechniques, J. J. 
Parts, Institute of 
37-44. 


Group on 
vol. CP-7, 


Circuit Microelectronics, J. M. 
National Electronics Conter- 


Considerations in Thin 
lesk, J. ]. Suran. Proceedings, 
Ill., vol. 16, 1960, pp. 438-43 


Circuits and 
pp. 448 60. 


6. Practical 
Blank, I. A 


ence, Chicago 


Parameter Microsystems Electronics, P. S. 


Happ. /bid., 


7. Distributed 
Castro, W. W 


8. Matrix Representation of 
Institute of Radio Engineers, vol. 40, 


Transistor Circuits, | 
Nov. 1952 pp 


Shekel, Proceedings, 
1493-97 


Matrices of an n-lerminal 
Group on Circuit 
1956 pp 70-75. 


9. A Note on the Admittance and Impedance 
Network, IT. H. Puckett Professional 
Theory, Institute of Radio Engineers, vol. CT-3, Mar 


Networks by Means of the 
Ibid., vol. CT-7, Sept. 1960, pp 


Transactions, 


10. On the Solution of Matrix, 


G. E. Sharp, B. Spain 


Equicofacton 
230-39. 


Networks with the Y Matrix, W. D. Steenaart. Electronic 
Tech, Philadelphia, Pa., vol. 10, July 1959, pp. 86-89. 


ll. Analyzing 
Industries and Tele- 





Lubricating with Air 





\ new concept in the use of air as a bearing lubricant 
is expected to result in wider applications for this type 
of minimum-friction bearing. The Boeing Aero-Space 
Division has announced the development of an ex- 
ternally pressurized step bearing, whose load-carrying 
shaft spins freely on a cushion of compressed air. The 
bearings operate ettectively at cryogenic temperatures 
as well as high temperatures. Inventor C. R. Adams 
(above) is shown operating a step-type journal bearing 


with liquid nitrogen. 
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INS TETUTE AC TFIVit res 


TOURISTS flock to L. D. S$. (Mormon) Temple Square (photo at left) in 
the heart of Salt Lake City to visit this walled 10-acre plot which 
contains a spired temple that required 40 years to build, an oval- 
roofed tabernacle with a seating capacity of 8,000, an assembly 
hall, and a museum filled with pioneer relics. The 1961 Pacific Gen- 
eral Meeting will take place August 23-25 in Salt Lake City. An Air 





Hal Rumel 


27 Technical Sessions Are Scheduled 


for Pacific General Meeting August Kg Way 


THE 1961 Pacific General Meeting of 
AIEE will take place August 23-25 in Salt 
Lake City, Utah. Registration will com 
mence Tuesday evening, August 22, in the 
Hotel Utah which will be headquarters 
for the meeting. Hotel reservations are 
being accepted by the Hotel Facilities 
Committee, with F. O. Wald as chair- 
man. Mr. Wald may be 
care of the Utah Power and Light Com- 
pany, Box 899, Salt Lake City, Utah. 
Since there will be no general session, 


contacted in 


27 technical sessions will be scheduled 
morning and afternoon from Wednesday 


to Friday inclusive. 


Technical Program Arranged 


August 23, 
sessions are scheduled on Reactor Instru- 


For Wednesday morning, 


Communica 
tions, Computing Devices, and Relays. 
In the afternoon, the program continues 
with sessions on Special Instruments and 
Auxiliary Apparatus, Chemical Industry, 
Relays, Substations, and Computing De- 


mentation, Power System 


vices. 

On Thursday morning, August 24, ses- 
sions are planned on Residential Electric 
Heating, Industrial and Commercial 
Power Systems, Wire Communication 
Systems, Materials Handling, and Re- 
actor Operation. In the afternoon, ses- 
sions are slated on Industrial and Com- 
mercial Power Systems, System Engineer- 
ing, Radio Communication Systems, In- 
sulated Conductors, and Solid-State De- 
vices. 


Jury 1961 


The program on Friday, August 25, 


will open with sessions on Broadcasting, 
Industrial Control, Rotating Machinery, 
and Solid-State Devices. In the afternoon, 
the technical meeting will conclude with 
Feedback 


Transformers, and Solid-State Devices. 


sessions on Control Systems, 

At the time of going to press, three in 
spection trips have been scheduled. The 
first trip will be on Wednesday to the 
copper mining, milling, smelting, and re 
fining operation of the Kennecott Copper 
Corporation. The second trip, on Thurs- 
day, will be to the Columbia-Geneva Steel 
Division of the United States Steel Corpo 
ration at Geneva, Utah, and the third 
trip, on Thursday also, will be to the 
Hercules Powder Company at Bacchus 
Utah, where work is under way on the 
third stage of the Minute Man missile 
and the second stage of the A2 Polaris 
missile. 

A student luncheon will be held at 
Thursday noon, August 24, which will be 
followed by two meetings of students and 
counselors to discuss problems of mutual 
interest. On Tuesday evening, during 
the registration period, there will be a 
welcoming cocktail party held in the 
Hotel Utah. Wednesday noon, a welcom- 
ing luncheon will be held in the La- 
fayette Ballroom of the headquarters 
hotel. The featured speaker will be Dr. 
C. S. Winters of the General Motors 
Corporation. A cocktail hour will precede 
the main banquet on Thursday evening. 
Featured entertainment will be provided 
after the banquet. 
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Force third stage Minuteman ICBM engine (photo at right) is being 
transported on a shipping container via a fork lift to a nearby trans- 
port truck, where it will leave from the Bacchus Works of the Hercules 
Powder Company for an off-plant test facility. This is typical of what 
visitors will see when they attend the AIEE inspection trip to the 
Hercules Powder Company during the Pacific General Meeting. 


Ladies Activities Planned 


For the ladies, the program will begin 
Wednesday morning with a coffee hour 
which will be followed by a luncheon 
and fashion show at the Fort Douglas 
Country Club in Salt Lake City. On 
Thursday, brunch will be served at the 
Log Haven Resort located in Millcreek 
Canvon near Salt Lake City. Brunch will 
be followed by bridge and a program on 
flower arranging 

For Tuesday, August 22, the day before 
the official opening of the Pacific General 
Pacific Coast Relays Sub- 
committee is scheduling a full day of 


Meeting, the 


technical discussions. These discussion 
groups will be open to all members, as 
well as to the members of the Pacific 
Coast Relays Subcommittee. For further 
anformation, please see p. 546 in this issue 
of Electrical Engineering or contact M. A. 
Bostwick, Chairman, AIEE Pacific Coast 
Portland 


Portland, 


Relays Subcommittee, at the 
General Electric 
Ore. 

Ihe members of the 1961 Pacific Gen- 
eral Meeting Committee are: H. B. Hodg 
ins, general chairman; R. A. Radford, 
co-chairman; J. A. McDonald, treasurer; 
J. N. Jones, secretary; F. C. 
registration, and paper sales; R. K. Ber 
toch, program; V. E. Clayton, publicity; 
Mrs. P. G. Morse, ladies’ activities; P. G. 
Morse, hospitality, trips, and sports; J. D. 
Stephens, entertainment; R. E. Stephen- 
son, student activities; and F. O. Wald, 
hotel facilities. 


Company, 


Bates, finance, 
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JECM&B-IFME International 
Conference on Medical Electronics* 
Waldorf-Astoria Hotel 

Ne w York N \ 


July 16-21, 1961 


Pacific General Meeting* 
Hotel Utah 

Salt Lake City, Utah 
August 23-25, 1961 


ATEE-IRE-ISA Joint Nuclear Instru- 
mentation Conference 

North Carolina State College 
Raleigh, N. ¢ 

Septem be 6-8, 1961 

(Final date for +TP—closed, *CP 
Syn.—closed, CPMs—July 3 


AIEE-ASME Engineering Manage- 
ment Conference 

Hotel Roosevelt 
New York, N. ¥ 
Sept l 
I date { TP 
Sy? r CPM 


Petroleum Industry Conference 
jung Hotel 

New Orleans, La 

September 17-20, 1961 

I il date for +TP—closed, +CP 
Sy? July 5, CPMs—July 14 


AITEE-ISA-IRE Industrial Electron- 
ics Conference 

Bradford Hotel 

Boston, Mass 

September 20-21, 1961 

(Final date TP—cle sed, +CP 
Syn July 7, CPMs—July 17) 


AIEE-ASME National Power 
Conference 

St. Francis Hotel 

San Francisco, Calif 

September 24-27, 1961 

(Final date for +7 P—closed, *CP 
Sy? ] CPMs—July 21) 


Middle Atlantic (Fall) Textile 
Conference 

Barringer Hotel 

Charlotte, N. ¢ 

October 5-6, 1961 

(Final date for +TP—July 21, tCP 
Syn fu {, CPMs—Aug. 15) 


AITEE-IRE-EIA-SMPTE National 
Electronics Conference 

Sherman Hotel 

Chicago, Il 

October 9-11, 1961 

(Final date for +TP—July 11, tCP 
Syn.—July 26, CPMs—Aug. 4) 


Fall General Meeting 
Statler-Hilton Hotel 

Detroit, Mich 

October 15-20, 1961 

(Final date for +TP—closed, tCP 
Syn.—jJuly 27, CPMs—Aug. 11) 


Machine Tools Conference 

Faust Hotel 

Rockford, Il 

October 16-18, 1961 

(Final date for +TP—July 18, +CP 
Syn.—Aug. 2, CPMs—Aug. 11) 


AIEE Future Meetings 


NOTICE TO AUTHORS 


Strict compliance with the *‘Au- 
thor's Guide’ will save you | 
time, delays, and unnecessary | 
correspondence. For a copy, | 
write to E. C. Day, 33 West | 
39 St., New York 18, N.Y. 

{ 


AIEE-IRE-U of Nebr. Biomedical 

Instrumentation and Engineering 

Conference 

Sheraton-Fontenelle Hotel 

Omaha, Nebr 

October 26-27, 1961 

(Final date for +TP—July 28, tCP 
Syn.—Aug. 11, CPMs—Aug. 22) 


Western Appliance Conference 
Biltmore Hotel 

Los Angeles, Calif. 

November 6, 1961 F 

(Final date for +TP—Aug. 8, tCP 
Syn.—Aug. 23, CPMs—Sept. 1) 


s 


Nonlinear Magnetics Conference 
Statler-Hilton Hotel 

Los Angeles, Calif. 

November 6-8, 1961 

(Final date for +TP—Aug. 8, {CP 
Syn.—Aug. 23, CPMs—Sept. 1) 


AIEE-AIP Magnetism and Mag- 
netic Materials Conference 
Westward Ho Hotel 

Phoenix, Ariz 

November 12-16, 1961 

(Final date for +TP—Aug. 14, 
Syn.—A ug 29, CPMs—Se pt. 8) 


AIEE-IRE-ACM Eastern Joint 
Computer Conference 
Sheraton-Park Hotel 

Washington, D. C. 

December 10-14, 1961 

(Final date for tT P—Sept. 11, tCP 
Syn.—Sept. 26, CPMs—Oct. 6) 


AIEE-IRE-ASOC National Sympo- 
sium on Reliability Control 

Statler Hilton Hotel 

Washington, D. C. 

January 9-11, 1962 

(Final date for +TP—Oct. 11, } 
Syn.—Oct. 26, CPMs—Novw., 6) 


Winter General Meeting 

Hotel Statler 

New York, N. ¥ 

January 28-February 2, 1962 

(Final date for +TP—Oct. 30, tCP 
Syn.—Nov. 9, CPMs—Nov., 24) 


AIEE-IRE-U of P International 
Solid-State Circuits Conference 
February 15-16, 1962 

(Final date for +TP—Nov. 17, tCP 
Syn.—Dec. 8, CPMs—Dec. 19) 


South Central District Meeting 
Hotel Peabody 

Memphis, Tenn. 

April 4-6, 1962 

(Final date for +T7P—Jan. 4, DPMs 
—Jan. 29) 


Rubber and Plastics Industries 
Conference 

Sheraton Hotel 

Akron, Ohio 

April 9-10, 1962 

(Final date for +TP—Jan. 9, tCP 
Syn.—Jan. 24, CPMs—Feb. 2) 


Great Lakes District Mecting 
Hotel Van Orman 

Fort Wayne, Ind 

April 18-20, 1962 

(Final date for +TP—Jan. 18, DPMs 
—Feb. 9) 


Mid-America District Meeting 
Hotel Chase 

St. Louis, Mo 

April 30-May 2, 1962 

(Final date for +TP—Jan. 30, DPMs 
—Feb. 23) 


Middle Eastern District Meeting 
Hotel DuPont 

Wilmington, Del. 

May 7-9, 1962 

(Final date for +TP—Feb. 6, DPMs 
—Mar. 2) 


North Eastern District Meeting 
Hotel Statler 

Boston, Mass 

May 9-11, 1962 

(Final date for +TP—Feb. 8, DPMs 


—Mar. 5) 


AIEE-IRE Joint District Meeting 
Erie, Pa 

May 14-16, 1962 

(Final date for +TP—Feb. 13, DPMs 
—Mar. 9) 


AIEE-ISA-ARS-IAS National Tele- 
metering Conference 

Sheraton-Park Hotel 

Washington, D. C. 

May 23-25, 1962 

(Final date for +TP—Feb. 22, tcP 
Syn.—Mar. 9, CPMs—Mar. 19) 


Summer General Meeting 

Hotel Denver Hilton 

Denver, Colo. 

June 17-22, 1962 

(Final date for +TP—Mar. 19, CPMs 
—April 11) 


ATEE-AIChE-IRE-ISA-ASME Joint 
Automatic Control Conference 
New York University 

New York, N. Y 

June 27-29, 1962 

(Final date for +TP—Mar. 29, {CP 
Syn.—A pril 13, CPMs—April 23) 


IFIPS Congress 

Munich, Germany 

August 27-September 1, 1962 
(Abstracts due Sept. 15) 


*Final date for submitting papers— 
closed 


+TP—Transactions Paper 

tCP Syn.—Conference Synopsis 
CPMs—Conference Manuscript 
DPMs—District Manuscript 

(District Paper Synopses should be di- 
rected to the District Meeting Com- 
mittee) 
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lent view of Detroit and the broadening 
experience of international travel, visitors 
may drive south through the Detroit 
Windsor Tunnel to Canada and return 
over the Ambassador Bridge. 

Many golf courses and marinas serve 
the sports-minded. Those attending the 
AIEE meeting may also have the oppo 
tunity to see the league-leading Detroit 


ligers play. 





Technical Paper Presented 
at Rocky Mountain Conference 


W. M. Winslow AM’43) and R. K. 
McCaig (AM (59) of the electric distribu- 
tion engineering department of the Public 
Service Company of Colorado presented 
a technical paper at the Spring conter- 
ence of the Rocky Mountain Electrical 
League at Boulder, Colo., on “A Spot Net 

} 


IN CHARGE of arrangements for the 1961 Fall General Meeting are: (Front row, left to right) work from Radial Feeders.” The paper is 


H. M. Hess, treasurer; R. E. Bradstrom, secretary; W. H. Frank, general chairman; L. W. Clark, 
vice-chairman, and Mrs. R. E. Bradstrom, ladies activities. (Back row) O. W. Bowlus, registra- 
tion; B. H. Schneider, hospitality; S$. 1. Whittlesey, publicity; C. R. Seibert, assistant treasurer; 
J. J. Fredrickson, junior past chairman, Michigan Section; J. C. Leffel, inspection trips; H. R. 
Armstrong, hotels, and A. P. Fugill, finance. Other members of the General Committee, not 
shown in this photo, are: E. R. Narum, entertainment, and F. Von Voightlander, general session. 


the result of several vears of investigation 
and study at Stapleton \irport Denver, 
to develop an outage-free electric distribu 
tion supply for the RAMAC reservation 
computer of United Air Lines. 

Ihe authors stated: “Spot network sys 
tems have applications in other locations 
on the electric distribution system and for 
50th Anniversary of Michigan Section different types of commercial loads such 

5 as hospitals, office buildings, and shop 
~ e ping centers. To these customers a pro 
To Be Observed at Fall General Meeting longed cutegt chen invelves. hemes 
ag safety and heavy loss of income or prop 
THE AIEE Fall General Meeting, to be rial Building, and the City-County Build- erty. This investigation brings closer to 
held in Detroit, Mich., October 15-20, will ing. A trip through the suburbs will show practical realization the full utilization of 
be highlighed by the 50th anniversary the rapid growth of home ownership and specialized spot networks.” 
celebration of the Michigan Section, industry. Regular attractions in and neat Mr. Winslow, who has been with Public 
which is host of the meeting. Detroit which welcome visitors include Service Company 33 years, is head of the 
rhe Latin Quarter, one of Detroit’s the Art Center with its library, the Art Underground Section of the electric dis 
largest and finest dining facilities, will Institute, the Historical Museum and the tribution engineering department, and is 
feature the Michigan Section 50th Anni- Rackham Memorial housing the Engineer a graduate of the University of Colorado. 
versary Dinner-Dance on Tuesday, Octo ing Society of Detroit, Wayne State Uni- Mr. McCaig, who has been an engineet 
ber 17. A social hour, beginning at 6:00 versity, Ford’s Rotunda and Rouge Plant, with Public Service 11 vears, was recently 
p-m., will precede the buffet dinner to Chrysler’s many factories, Cadillac Motor, promoted to meter engineer in the electric 
be served at 7:00 p.m. Music and enter- General Motors Building, Cranbrook, meter department, and is a graduate of 
tainment will be provided during the Belle Isle, and Rouge Park. For an excel- the University of Denver 
dinner by the Fenby-Carr Group and 
Belinda Blanchard. Music for dancing 
from 9:30 p.m. to 12:30 a.m. will be 
played by the Fred Netting orchestra, 
with Janie Palmer as vocalist. The entire 
evening will be priced at about $8.50 per 
person. 

The Historians Committee of the Michi- 

gan Section has prepared a history of the 
Section, which records its events since its 
inception. The history provides a com 
memoration of the 50th Anniversary year 
and points out a unique organizational 
form recently adopted to meet increased 
diversification within the electrical pro- 
fession. Responsible and efficient perform- 
ance by the Section is also indicated. 
Copies of the history will be made avail- 
able at the meeting to all who are inter- 
ested in the successful performance of 
the Michigan Section. 

Visitors to Detroit this Fall will notice 
many changes in the “Motor City.” Two 
high-speed expressways have been com- 
pleted and two more are under construc- 
tion. The Civic Center in downtown 
Detroit is rapidly growing with the addi- TWO members of the Denver Section, AIEE, R. K. McCaig (left) and W. M. Winslow, presented 
tion of Cobo Hall and Convention Hall a technical paper at the Spring conference of the Rocky Mountain Electrical League at Boulder, 
to the Ford Auditorium, Veterans Memo- Colo. Both are employed by the Public Service Company of Colorado. 
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District 10 Annual Meeting Held 





Ken Davies 


PARTICIPATING in the AIEE District 10 Annual Meeting held May 16 in Montreal, Que., Can- 
ada, were: (left to right) H. O. Wilson, past chairman; Dr. R. Dupuis, vice-president, District 10, 


and Lionel Swift, incoming chairman. 





Fosdick Survey Indicates 


Need for 


Before developing the 1962 Electrical 


Educational Exposition 


Engineering Exposition, AIEE wanted to 
make sure there was a definite need fo1 
an’ across-the-board industry-wide exhibit 
lo this well-known marketing 


research fir John I Fosdick Associ 
to conduct interviews 
tending the 1960 AIEI 
Me ting [ he 


ey indicated that such 


results of 


needed 


exposition was 
I 
ittended by electrical 


and = scientists 


interviewer 


ve not attended 


past vear or so 


One mort tatist Of the many electric 


equipment manufacturers contacted, most 
expressed a strong interest in participat 
ng im such ar xposition. With this as 
surance, the Electrical Engineering Expo 
sition is certain the year’s biggest 
marketing event 

The Exposition will run concurrently 
with the AIEE Winter General Meeting 
on January 29-February 2, 1962, at the 


New York Coliseum Exhibitors may 


ELECTRICAL 
ENGINEERING 


EXPOSITION 


show their companies’ progress in equip- 
ment and development to the more than 
5,000 electrical and electronics engineers 
and scientists who will attend. 

In industry, it is the engineer who de 
cides what to buy, where to buy, and 
when, so exhibitors are advised not to 
miss this exciting marketing event for 
theit companies’ products For further in- 
formation, write to Reber-Friel Co., 117 
South 17 St., Philadelphia 3, Pa. 


Call Issued for Papers 
on Multivariable Control Systems 


A call for papers has been issued for 
the Multivariable Control Systems Session 

the 1962 AIEE Winter General Meet 
ing. This session is sponsored jointly by 
the Computer and Logic Devices and the 
Lineat Theory Subcommittees of the 
Feedback Control Systems Committee of 
AIEI 

The term “Multivariable Control Svs 
tems” here implies those systems with 
multiple inputs and outputs where inter 
actions or cross-couplings are not neg 
ligible. This does include many of the 
more complex and larger systems being 
considered for control these days. The 
controllers for these systems are difficult 
to design mainly because of the number 
of variables being considered. Systematic 
methods utilizing machine computations 
are almost essential for both analysis and 
design purposes. In many instances, a con 
trol computer will be required to perform 
the many control and auxiliary tasks. As 
may be seen from the list below, the 
suggested subject areas for papers include 
some of these problems. 


1. Design implications of the structur- 


ing method used for the multivari- 
able system model. 
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Correction: The date of the 1963 North East 
ern District Meeting to be held at Portsmouth, 

H., is incorrectly scheduled on p. 286 of 
the April issue of Electrical Engineering. The 
correct dates are May 21-23, 1963. 


Definitions of strength of interactions 
(cross-couplings) and the engineering 
use of such definitions. 

Design of multivariable control sys 
tems subject to unmonitored dis 
turbances 

Adaptive techniques for control of 
multivariable plants subject to large 
environmental excursions 

The use of computers to analyze 
multivariable systems, including the 
conversion of test results into model 
parameters. 

Ihe use of digital scientific com 
puters to design controllers for 
multivariable plants to achieve spe 
cific types of control action, L.e. 
noninteraction 

Problems in applving computer con 
trol to plants with strong inter 
actions. 

control 


Computer techniques to 


maintain an optimum operating 


point for a multivariable system. 


Inquiries concerning this session are 
invited by: R. A. Mathias, Westinghouse 
Research Beulah Road, 
Churchill Borough, Pittsburgh 35, Pa. 


Laboratories, 


Relays Subcommittee 
To Hold Discussion August 22 


The Pacific Coast Relays Subcommittee 
of AIEE has arranged a day of informal 
discussions of relay problems, to be held 
August 22, one day ahead of the AIEE 
Pacific General Meeting at Salt Lake 
City, Utah. Six broad subjects have been 
chosen for round-table discussion groups 
Each topic will be presented by a panel 
of three or four, giving local preference 
for different solutions to the same prob- 
lem, including operating experience to 
explain preferences. The subject will then 
be thrown open for discussion by the 
audience, which will be divided in groups 
of 10 or 12 


digest at each table to provide a summary 


Reporters will prepare a 


after dinner 
The program will comprise the fol- 


lowing six topics: 


1. Distribution Protection. The value 
of selective protection will be compared 
to the value of sensitive ground fault 
protection. 

2. Backup Protection, This will in- 
clude conventional remote backup of 
line protection, local backup, relay back- 
backup, including backup 


low-voltage faults in 


up, breaker 
protection against 
substations 

8. Reliability of Pilot Protection. Car- 
rier, microwave, and wire circuits will be 
included. How reliable is the circuitry 
that you use? Can circuit simplifications 
(with admitted compromises) improve 
over-all operations? 

4. Different Protection. What trans- 
former sizes warrant harmonic restrained 
relays, sudden pressure relays? What 
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busses warrant voltage-type differential 
relays, linear couplers, or simple over- 
current with instantaneous trip? 

5. Generator Protection. This will in- 
clude differential protection, out-of-step 
protection, loss of field protection, and 
backup protection. 

6. Oscillographs and Event Records. 
What value do these devices have in lo- 
cating trouble and eliminating it? 


Luncheon and dinner will be served 
to the group. All interested engineers 
are invited to take part. Guests will be 
welcome. 


here will be no registration fee. 


Student Paper Contest Held 
at South Dakota State College 


Winners in the AIEE District 6 Student 
Paper Contest, held April 21 at South 
Dakota State College, Brookings, S$. Dak., 
have been announced. 

First, second, and third place winners 
were, respectively, Lyle Feisel of lowa 
State University, Dennis Price of the 
South Dakota School of Mines and Tech 
nology, and D. L. Sheppard of the Uni- 
versity of Colorado. 

Ihe contest took place during the Dis- 
trict 6 Student Activities Committee meet- 
ing. An annual banquet was held in the 
evening. The next morning, the District 
Counselors and Student Chairman meet 
ings were held. Those not attending the 
morning sessions participated in a tour of 
the Pathfinder Atomic 
cated near Sioux Falls, S$. Dak 

Prof. K. E. Lindley, South Dakota State 
Student Branch 
Elliott, Branch chairman, were in charge 


Power Plant lo 


counselor, and Glen 


of arrangements. 


CONTESTANTS in the AIEE District 6 Student Paper Contest, held April 21 at South Dakota 


Extensive Program Is Planned 


for Conference on Medical Electronics 


APPROXIMATELY 270 papers will be 
presented at the 4th International Con- 
ference on Medical Electronics, combined 
with the 14th 
Electrical Techniques in Medicine and 
Biology, to be held July 16-21 at the 
Waldorf-Astoria Hotel in New York 

It is expected that plenary sessions will 


Annual Conference on 


be on mathematical and _ biovhysical 
models for stimulation and analvses, and 
biological effects on radio frequency and 
microwave fields. Round-table discussions 
are planned on computers for medicine 
and biology, perspectives in biomedical 
engineering science, electrocardiography, 
and acoustics and ultrasonics. 

Special sessions are being arranged on 
monitoring of physiological variables in 
obstetrics, control systems in the human 
body, advances in recording, storage and 
retrieval techniques, gastrointestinal meas- 
urements instrumentation 
and education in biomedical engineering. 


physiological 


Exhibits Scheduled 


In addition to the scientific sessions, 
there will be approximately 75 commet 
cial exhibits and a number of individual 
scientific exhibits. 

A program of tours and visits will be 
arranged to the following: Columbia 
Medical Center, Columbia 
University, Columbia University 
Nuclear Reactor, Veterans Administra 
tion Hospital, Brookhaven National Lab 


oratories, Prudential Insurance Company 


Presbyterian 
Plains 


of America Computer Center, and the 


State College, were: (Back row, left to right) Lyle Feisel, lowa State University; Joseph Floyd, 
University of Denver; Dennis Price, South Dakota School of Mines and Technology, and D. L. 
Sheppard, University of Colorado. (Front row) Dennis Nelson, University of Nebraska; Jack 
Benson, South Dakota State College, and James Felt, University of Wyoming. 
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International Business Machines Research 
Center. 

A ladies’ program of entertainment and 
sightseeing is planned. Papers are to be 
presented in English 
and Russian, with two sessions per day 
translated 


French, German 


The event is being sponsored by the 
Joint Executive Committee on Medicine 
and Biology of AIEE, the Institute of 
Radio Engineers, and the Instrument So 
ciety of America, and is under the aus 
pices of the International Federation of 
Medical Electronics (IFME) organized by 
the Institute of Radio Engineers through 
its Professional Group on_ Bio-Medical 
Electronics. 


Tentative Program Given 


rhe program has been organized tenta- 
tively into simultaneous sessions, as fol- 
lows: 


Monday, July 17 


Morning Registration and Opening 
Afternoon Sessions 

Electrical Techniques—Obstetrics, Gynecology 
Computer Diagnosis 

Electronic Images and Scanning Systems 

Data Processing 


Evening Sessions 


Workshop (Informal Discussions). Perspectives 
n Bio-Medical Engineering—O. H. Schmitt 


Tuesday, July 18 


Morning Sessions 


Mathematical Models 

Recording, Storage, and Retrieval of Data 
Magnetic Resonance and Electrical Impedance 
Electrical I echniques—Obstetrics, ' 
ogy Il 


Gynecol- 


Afternoon Sessions 


siological Control Systems I 
Sound and Related Techniques 
Neurology, Ophthalmology, and Otology 


Determination of Circulatory Parameters I 
Evening Sessions 


Workshop (Informal Discussions 
Computers—T. Sandel. Acoustics—J. Reid and 
W. Frv 

IFME Council Meeting 


Wednesday, July 19 


Morning Sessions 

Gastroenterology I 

Recording, Storage, and Retrieval of Data Il 
Biological Control Systems II 

Instrumentation I (Electrophysiology) 
Afternoon Sessions 


Instrumentation II ( Telemetry) 
Gastroenterology II 

Biological Control Systems III 
Determination of Circulatory Parameters II 
Evening Session 


IFME Plenary Session 
Thursday, July 20 
Morning Sessions 


Biological Effects of Microwaves I (Athermal 
Aspects) 
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Theory of Neural Functions and Organization 
Electrophysiological Instrumentation I 
Cardiac Output and Pacemakers 


Afternoon Sessions 


Determination of Circulatory Parameters III 
Biological Effects of Microwaves II (Thermal 
Aspects 

Electrophysiological Instrumentation II 
Cardiac Instrumentation 


Evening Sessions 


Discussions 


Workshop (Infor 


Recording Storage und) Retrieval of Data~— 


G. Webb, R. Schoenfeld. Electrocardiography— 
D. Cesel t 


Banquet 


Friday, July 21 


Morning Sessions 


Radiology Techniques I 
2 
7 


‘logical Effects of Microwaves III 


I 
I 
I 


ectrocard 
nstrume 


Afternoon Sessions 


Evening Session 


( 1 ( 


Space Age Communications 


Discussed at San Diego Meeting 


Mav 16 dinner meet- 
» Section, AIEE, was 
Space Age Communica- 
Juirk, vice-president and 
Southern Counties Area 
Telephone Company 
y informative talk in 
esting discussion of the 


various approaches to. satellite commu 


nication ommented on the informa 
tion gained i the very successful 
Echo projec ind explained in detail 
part that tl optical maser played 
space communications 

to demonstrate phys 

nals were bounced off 

scussed briefly the Bell 

space communications 
i ommunications 
Bell's low 


he high-orbit approach 


aturing the Bell 
prior to the 


meeting 


Electronic Components Conference 


TALKING about components in an informal session at the recent Electronic Components Con- 
ference in San Francisco, Calif., are: (left to right) H. C. Ross, general chairman; W. W. Wahl- 
gren, Electro Engineering, a session author, and James Halloran, also of Electro, a session 
chairman. During the meeting, Mr. Halloran turned over his duties as AIEE Electronics Com- 


mittee vice-chairman for the West to Mr. Ross. 





AACC Reports to Sponsoring Societies 


on First IFAC Congress Held in Moscow 


CHE American Automatic Control Coun 
cil (AACC), representing five sponsoring 
societies organized American participation 
in the First International Congress of the 
International Federation on Automatic 
Control (IFAC), held June 27-July 7, 1960, 
USSR. Since that time, mem 
bers of the AACC have tried to evaluate 


in Moscow 


what thev learned and what it implies in 
terms of the growing competition between 
Russia and the United States in the con 
trol field 

\ffiliate societies of AACC comprise: 
AIEE, the American Society of Mechanical 
American 


Engineers, the Institute of 


Chemical Engineers the Institute of 
Radio Engineers, and the Instrument So 
cietv of America 

Technical and plenary sessions were 
held during the week of June 27-July 2 
1960. The Congress was a sobering experi 
ence to the great majoritv of the 134 
American delegates. The report to the 
sponsoring societies, which follows, de 
scribes the competitive 
\ACC sees it, and the action the Council 
plans to take 

The meetings were attended by 1,111 
delegates (plus a large number of guests) 
from 29 countries—a total which included 


a remarkably large percentage of the lead 


ers of the automatic control field. There 


were 274 technical papers presented dur 


ing the 5 days devoted to technical ses 
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picture as the 


sions, with over 580 formal discussions 
and an average of 6-7 questions per pres 
entation. The papers were presented in 
parallel sessions, with Il running concur 
rently during a large portion of the week. 
In both plenary sessions simultaneous 
translation in French, German, English, 
and Russian was provided, while in the 
technical sessions material was usually 
presented in only the two languages, Rus 
sian and English (nonsimultaneous trans 
lation). 

‘As part of the Congress, a book display 
of more than 3,300 works on automatic 
control, unfortunately very few from the 
United States, was prepared by the On 
ganizing Committee. During the week, 176 
performances of 43 films on automatic 
control from 7 countries were presented, 
translation. A variety of 
technical and general excursions were at 


usually with 


ranged by the hosts during the 10 days in 
Moscow, Leningrad, and Kiev. 

\ dominant impression of the dele- 
gates from outside the USSR certainly 
whole-hearted 
given to the Russian Organizing Commit- 


concerned — the support 
tee by the Russian Government, the Acad- 
emvy of Science, and the Institute of Auto 
mation and Telemechanics. The Congress 
was opened by Vice-Premier Kosegin, and 
the government issued a special stamp in 
commemoration. The Congress itself was 
well organized, and all aspects from local 
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transportation to technical translation ran 
smoothly. The delegates were most im- 
pressively entertained, with particular 
high-lights the anticipated excellence of 
the Bolshoi ballet, the somewhat surpris- 
ing elaborateness of the banquet, and fi- 
nally the breath-taking impressiveness of 
the formal reception tendered on_ behalf 
of the Academy of Science in the Kremlin 
palace. 

“The support exemplified by these ar 
rangements seems to be the result of a 
remarkably strong emphasis of the Rus- 
sian government on automation and 
automatic control—an emphasis which un 
doubtedly is partially rooted in military 
applications, but which 
strongly based upon a conviction of the 
potentialities of automation for not only 
increasing productivity, but also improv 
ing the life of the working man. 


seems to be 


Russian Emphasis on Automatic Control 

“The above idea is perhaps approxi- 
mately summarized in the opening re 
marks by V. A. Trapeznikov, president of 
the Institute of Automation and Teleme 
chanics—remarks which were echoed fre- 
quently throughout the week both at 
technical sessions and during individual 
conversations with the Russian engineers: 
‘Not only will automation raise produc- 
tivity, but it will also radically change 
the very nature of labor.—Automation will 
help turn manual labor more and more 
into mental work .. . so that man’s energy 
and vital strength directly involved in 
production may be utilized to an ever 
greater degree not for process control o1 
—less so—for manual labor, but to produce 
and realize novel engineering ideas, such 
as would further relieve man of direct 
participation in production and would 
give him abundant life and more leisure. 
The higher labor productivity and ex 
panded material production stimulated 
by automation will sharply improve the 
standards of living and reduce the work 
ing day to but a few hours in the near 
future.’ 

The publicity given the Congress in 
the Russian press, the support apparent 
throughout from the government, and the 
intense interest in the USSR and _ the 
othe countries reflect the 
emphasis of the government on automatic 


Communist 


control as an essential tool for the realiza 
tion of a rapidly increasing automation 
of industry. For example, we were told 
that 7.5% of the USSR academicians were 
directly working in the automatic control 
field—not including related fields such as 
computer technology 

“The Russians are strong in research in 
fields important to the development of 
Automatic Control These research ef 
forts have roots that go far back in Rus 
sian Scientific history and they are being 
expanded through the Automatics and 
Telemechanics Branch of the Academy of 
Sciences of the USSR. The Russian weak 
ness has been in application, but now 
they are rapidly building up institutes for 
automatic control in the various Repub 
lics under the Gosplan. For example, the 
Ukrainian Automatic Control Institute 
started in 1958, currently has 2,000 pro 
fessional workers, and will have 6,600 peo 


ple in it by 1965. As a consequence, we 
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see a high current rate of progress in de- 
velopment, backed up by a sound scien- 
tific foundation for insuring its continua- 
tion. 

“In the United States, the situation is 
quite different. The sum total of our ap 
plication effort is vast, and industry is 
backing it up with a large amount of 
short range research in areas of proprie- 
tary interest. Thus, our competitive sys 
tem is geared to translate quickly sci 
entific knowle ze into industrial accom 
plishment. However, industry is doing 
very little broad research of the kind 
needed to increase the fund of scientific 
understanding on which future progress 
depends. What is more, the universities 
are not filling the gap. Military research 
in the universities is subject to many of 
the same shortcomings as industrial re- 
search. Much of the remaining research 
effort in the universities is hampered by 
such factors as the difficulties of attracting 
and holding adequate personnel, the pres- 
sures to publish and the support that 
must be given to thesis work on problems 
that can be solved in a relatively short 
time. All of these factors mitigate against 
sound long-term research programs. 

“The observations of the American 
delegation to the IFAC Congress indicate 
clearly that the real challenge is not in 
the present achievements of the USSR in 
the control field but rather in the high 
rate of progress there. If we are to main 
tain our leadership, the consensus of 
opinion is that we must step up our own 
rate of progress. 

“Feeling as we do that we, in America, 
are well organized to exploit new knowl- 
edge, the spotlight focuses on the acqui 
sition of such knowledge. This is the 
function of research and this is where 
we find that we are weak relative to the 
Russians in the automatic control field 
The question, therefore, is what should 
be done to stimulate research in this and 
in related fields in this country. 


“The long-term solution as we see it ts 
largely educational. Our 
whole does not yet appreciate the impor 
tance of research, and so is not prepared 


society as a 


to offer the incentives, either social or 
economic, that would spur the needed 
growth. This makes it imperative that 
those of us who have concrete examples 
of such needs bring them to the attention 
of the leaders of our country. 

“At the same time, much can be done 
within the scientific community to en 
courage the expansion of research and to 
insure that the programs undertaken are 
soundly conceived. Such effort will not 
only increase the productivity of our re 
search but also make it worthy of sup 
port. 


Plan of Action 


“Clearly, this is a time for action. Fur 
thermore, the American Automatic Con 
trol Council is in a unique position to 
supply technical leadership in this field 
Therefore, we are setting up a Committee 
which will endeavor to: (1) examine the 
size and scope of the research effort re 
quired; (2) delineate areas and problems 
on which work is urgently needed; and 
3) present our views to leaders in indus 
try, in government, and in universities 
who can encourage and support such 
work and to groups capable of doing the 
actual research. 

“We realize that the scope of this Com 
mittee is very broad, and that it extends 
beyond the technical areas in which we 
feel qualified. Therefore, to be effective, 
the Committee will try to work in co 
operation with the engineering commu 
nity at large, and with interested groups 
in the economic field, in the universities 
in government, etc. 

“We earnestly solicit your advice and 
support in this effort.” 


Lozier 
AACC 


John C 


President, 





Cleveland Section 


Elects Officers 


ATTENDING the annual dinner and election of officers at the AIEE Cleveland Section’s May 
meeting were: (left to right) A. J. Hornfeck, Cleveland Section chairman; Mrs. Hornfeck; Mrs. 
J. S. Ewing, Cleveland Section Women’s Auxiliary chairman, and R. A. Hunt, chairman of the 


annual dinner. 
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prompted the Middle Tennessee Sectior. 
of AIEE to plan for future tours of this 
type for other Student Branches and to 
make a tour of the Arnold Center avail 
able to local Student Branches once every 


2 years. 


Symposium Planned 
on Industrial Electronics 


An Industrial Electronics Symposium, 
sponsored by three engineering societies, 
has been planned for September 20-21 
in the Bradford Hotel, Boston, Mass. 
Sponsors are AIEE, the Professional 
Group on Industrial Electronics of the 
Institute of 
Instrument Society of America. 

\ luncheon speaker will be C. Metcalfe 
Forum for 
Sritish 


Radio Engineers, and the 


chairman of the Electronic 


Industry, London, England, a 


organization recently formed to foster 
closer liaison between manufacturers and 
users of electronic equipment. 
Highlighting the meeting will be a 
panel discussion among electronics ex- 
perts and users of electronic equipment. 
William 
Vannah, an associate for advanced engi- 
neering with the Company 
Foxboro, Mass., and formerly chief editor 


The panel moderator will be 
TEST CELL T-4 and the instrumentation used to record data on the GE J-85 turbojet engine are Foxboro 
inspected by Miss Leah Herrman, David Adams, Barry Baker, and Sammy Newman of the Van- 
derbilt University AIEE Student Branch during their tour of the Rocket Test Facility of the Arnold 
Center. The J-85 power plant is used in the U. S. Air Force's Quail decoy missile and the T-38 


of Control Engineering 

Technical sessions being planned on: 
Measuring Techniques for Industry, with 
Dr. C. W. Clapp, consulting physicist, 


supersonic trainer 


instrument department, General Electric 
Company, as session chairman; Digital 
and Analog Techniques in Industry, with 
F. W. Atkinson, Owens-Corning Fiber 


glas Company, as chairman, and New 


Student Members of AIEE Visit 


Air Force’s Arnold Center in Tennessee 


e and learn first-hand 
of electrical enginee: 
operation of the high 
tunnels and pro 
Air Force's 
studei 
operating 
Svstems ( 
1 president of t 
ipter ol AIEI ( 
to all studer 
[ ennesse¢ 
gram. Members 
ica Institute \ 
niversitv of Tennessee 
ian Brothers College 


t | 


e wh« ittendec 
ncluded a briefing on the 
ties, and accomplishments 
enter and a presentation 
itior development which 
ne of the work being accom 
emetry and high-speed pho 
ri ised in a hyperballistic 


niaturized 


instrumentation 

oped for this facility which 

! of withstanding accelera 

250,000 g¢ and which will 

recor lat on a model in free flight 
traveling at more than 18,000 mph 

Members of the Middle 


tion of AIEE conducted the tour through 


Tennessee Sec 


each of the three major facilities and the 
power control station. During the tour 
of the von Karman Gas Dynamics Facil 
ity, the group inspected five of the nine 


550 


tunnels which are capable of testing aero 
dynamic models of aircraft, missiles, and 
space vehicles in simulation of velocities 
of 1,000 to more than 20,000 mph and 
altitudes from sea level to more than 
250.000 teet 

In the Rocket Test Facility, the stu 


] shown. the 1] 


dents were high-altitude 


test cells which are engaged in testing 
most of this nation’s high-priority propul 
sion systems. These test units are capable 
of simulating velocities up to 4,000 mph 
and altitudes from sea level to 150,000 
feet for tests of both jet and rocket en 
vines 

The students were also taken inside the 
16-foot square and 40-foot-long supersonic 
test section of the propulsion wind tunnel 


to view the 55-foot-diameter stagnation 
chamber and flexible steel nozzles. This 
facility is designed to test large or full 
scale propulsion systems mounted in an 
aircraft or missiles as it would be in flight 
Velocities from 500 to about 4,000 mph 
and altitudes from sea level to more than 
200.000 feet can be simulated 

At the main powel! control station, the 
students were told that the Center used 
approximately 500 million kilowatt hours 
of electricity annually and is the fourth 
largest user of the Tennessee Valley Au 
thority distribution 
AIFF 
members who are assigned to the Elec 
trical Branch of the Technical Services 
Division of ARO, Inc. 

The interest shown by this group has 


powel The power 


system was explained in detail by 
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Power Conversion Techniques, with C. H 
Chandler, Gillette Safety Razor Company 
as chairman 

At these sessions, technical papers will 


be presented on: Noncontact Measuring 


Techniques, Nondestructive Fault Test 
ing, Moisture Measurement, Infrared and 
Chromatography Techniques, Analog and 
Digital 


Blending Pechniques Three- 


mode Controllers and Computers, \ 
Novel System for Coupling a Turbine to 
a Variable Speed Drive with Silicon Con- 
trolled Rectifiers 


Industrial 


Ultrasonic Machining 


Pechniques, Applications of 
Chermoelectricity, and Electronic Sources 


of Industrial Heat 


Biomedical Conference 
Scheduled for October 26-27 


\ special technical conference on the 
Organization of Biomedical Instrumenta 
tion and Engineering in Universities and 
Hospitals will be held October 26-27 at 
the Sheraton-Fontenelle Hotel in Omaha, 
Nebr. The conference will be sponsored by 
the University of Nebraska, the Electrical 
Techniques in Medicine and 
Committee of AIEE, and the Professional 


Biology 


Group on Biomedical Electronics of the 
Institute of Radio Engineers (IRE). 

Hosts for this conference will be the 
Nebraska Section of AIEE and the Omaha 
Lincoln Section of IRE. The Program 
Committee chairman is Prof. Dennis Le 
Croisette of the Drexel Institute of Tech- 
nology of Philadelphia. 
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L. F. Hickernell 


FOUR AIEF 
prominent persons recognized recently by 
educational with 
doctorate degrees and awards. 

L. F. Hickernell (AM '25, F ’34), vice- 
president, Anaconda Wire 
and Cable Company, Hastings-on-Hudson, 
Divs, 
degree, Honoris Causa, at the June com- 
mencement of Polytechnic Institute of 
Brooklyn in Brooklyn, N. Y. He ‘has 
served AIEE as president (1958-59), treas- 
urer (1957), and director (1953-57). 

The citation stated 


Fellows were among the 


institutions honorary 


engineering, 


received the doctor of engineering 


Polytechnic 
sees in you a true example of a man dedi- 
exemplified in 
long labors in the service of the 


cated to his profession, 
your 


AIEE 


Honorary Doctorate Presented 
Mount Allison University in 
N. B., Canada, has conferred 
Wyatt (AM ’32, F °48) the 
doctor of 


Sackville, 
Bm. 


degree of 


upon 


Honoris Causa, at the 
May 
16. In this way, the university expressed 
Mr. 
world in the 


science 
university’s Spring Convocation on 


its appreciation of the service that 
Wyatt has given 
held. 

1941, Mr. 
sultant to the 


to the 
scientific 
Wyatt has 
Phelps 
Copper Products Corporation, New York 
City. His chief 
of electrical 


Since been con 


president Dodge 
work has been the study 
insulation and its deteriora- 
tion, with special reference to extra-high 
voltage cables, up to 500,000 volts 

Philip Sporn (AM ’20, F °30, Member 
for Life), president of American Electric 
New York, N. ¥ 
the recipient of an honorary doctorate of 
March 8 at the Cai 
negie Endowment International Center in 
New York. The degree was conferred on 
Mr. Sporn by Avraham 
Ambassador to the United 


Power Company, was 


technical sciences on 


Harman, fsrael 
States, at a 
special convocation of Pechnion-!Israel 
Institute of 
the auspices of the 


Society. Mr. Sporn 


Technology, arranged unde1 


American Technion 


was honored by the 


Technion for his “pioneering activities 


in the efficient electric 


power and for his contributions to the in 


development of 


vestigation of possibilities for use of nu 
clear energy for electric power.” 

W. J. Barrett (M ‘36, F 
services engineer of the New 


50), special 


Jersey Bell 


JULY 1961 


Philip Sporn 


Colleges Honor ATEE Fellows 


for Their Services in Engineering Field 


Agnes 
Wyatt 


and 
dent of United Engineering Trustees, Inc. 
(UET), received the Allan R. Cullimore 
Award for Distinguished Service at the 
15th exercises of the 
Newark College of Engineering held June 


lelephone Company former presi- 


commencement 


8. Mr. Barrett was credited with responsi 
bility 1951, for 
the nation’s major engineering societies to 
multimillion-dollar 
Engineering Center now nearing comple 
United Nations New 


beginning in persuading 


consider building a 


tion on Plaza in 
York 

In the AIEE, he has 
(1957) 
Barrett has been an 
on the Board of UET 
1951 and was president of 
(1955-58). Under his leadership, UET 
given responsibility for the new 


served as presi 


(1953-57). My 


representative 


treasure! 
\IEF 


Trustees of 


dent and 


SINnce 
UE! 


was 


also 


national 


headquarters building for professional 
engineering societies. 

Award, named after the 
first president of the Newark College of 


Engineering, 


Ihe Cullimore 


is authorized by the college’s 


board of trustees for recognition of un 


usual or distinguished service to the col 
lege, to the engineering profession, or to 


engineering education 


Society Participation Urged 


In his commencement address, Mr. Bat 
to participate 
actively in professional societies in orde1 


rett urged the graduates 
to keep abreast of new developments, ex 
change knowledge with their fellows, and 
thei mem 


discharge responsibilities as 


bers of the engineering profession. He 
stated: 

lechnology is expanding at a terrific 
rate. How much greater will be our body 
of technical knowledge in, say, 10 years? 
And how will you keep up with the ad 
vances? Every engineer faces this problem 
of continuing education, and the answer 
that has 


ciety.” 


evolved is the engineering so 


NEC 
for Outstanding 


Award Winners 
apers Selected 
member 


of AIEE, will be presented with the Na- 
tional Electronics Conference (NEC) an- 


Two scientists, one an associate 
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Baviello Pach 


W. J. Barrett 


Bros. 


nual awards of $500 each during the 1961 
conference, October 9-11, at the Interna 
Amphitheatre, Chicago, Ill. The 
winners were selected for papers 
presented at the previous conference. 
Winners are Dr. L. P. Huelsman (AM 


me 


»2), formerly of Chicago, and an associate 


tional 
the best 


professor of electrical engineering at the 


Tucson, Ariz., and 


Lerner, an 


University of Arizona, 


Dr. R. M 


leader in 


assistant group 
Lincoln 
Massachusetts 
(MIT). 


papel 


radar techniques at 


Laboratory of the Insti 
tute ol 
Prof 


Svnthesis 


Technology 
“Active RC 
Sensitivities,” 


Huelsman’s 
with Prescribed 
was judged on the basis of scholarship, 
originality, significance 


received his B.S 


and clarity. He 
electrical 


Tech- 


electrical 


degree in 
engineering from Case Institute of 
M.S. degree in 
Ph.D. degree 
University of California. Dr. Huelsman is 
a senior member of the Institute of Radio 
Engineers, and a member of Eta 
Nu, Sigma Xi, Phi Beta Kappa 

American 


nology and his 


engineering and from the 


Kappa 
and the 
Educa- 


Society of Engineering 
tion 
Dr. Lerner’s 


Signal 


paper, 
from 


“Modulation and 
Digital Data Sys 
was judged on selection, organiza 
and evaluation of material, 
level clarity of 
The award to be 
Lerner is for the 
of paper at the 

Lerne1 


Selection 
tems,” 
tion plus 
scholastic and presenta 
presented to Dr 

best tutorial type 
1960 conference. Dr. 
received his BS. M.S. 
engineering from 
Institute. He re 
MIT. Dr. 
member of Beta Pi 
Sigma Ni, _ the Society of 
America, and the Institute of Radio Engi 
neers. z 

M. E. Valkenburg is chairman of the 
1961 Awards 

R. J. 
NEC 
interest in the 


tion 


and 
degrees in 
Worcester 


electrical 
Polvtechnic 
ceived his Sc.D 
Lerner is a 


degree from 
Tau 
Acoustical 


Committee. 
Napolitan 


announced 


general 
that great 
1961 that 
all of the exhibition space at the coming 


manager of 
there is a 
Conference and 


convention has been reserved. Plans are 


now being made for speakers, meeting 


will be of 
line with 


rooms, and decorations, which 


an entirely electronic motif, in 


the convention theme. 





Membership in the American Institute of Elec- 
trical Engineers, including a subscription to 
this publication, is open to most electrical en- 
gineers. Complete information as to the mem- 
bership grade, qualifications, and fees may 
be obtained from Mr. N. S. Hibshman, Secre- 
tary, 33 West 39th Street, New York 18, N.Y. 
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AFIPS Formed To Organize 
Information Processing Sciences 


\ 


profession, the 


Infor 
came 


Wedn 


the National 
NJCC) 


Hotel 
Weste 
ated 


long 


advancement 
of the 
all levels and to all 

Member 


also t 
clude 
ing N 


of Radio 


D1 


scien 


poration 


was 
Govel 
and I 
for tl 
memtl 
apply 
Imi 
maki 
and 
tio 


conte 


‘rm Joint Computer Conference 


of plans 


The AFIPS 
tee assisting Dr. Ware 
Imm of International Business Machines 
(IBM), AIEE; Dr. Harry Huskey, Uni 
versity of California, ACM, and Dr. A. A. 
Cohen, Remington Rand Univac, IRE 

Other members of the Governing 
Board are: AIEE—R. S. Gardner, the so- 
ciety’s technical A. R. Ka- 
gan, Western Electric Company, and Dr. 
E. L. Harder, Westinghouse. ACM—J. D. 
Madden, System Development Corpora- 
tion; Bruce Gilchrist, IBM, and Dr. Jack 
Moshman, Corporation Economic Indus- 
trial Research. IRE—Dr. Werner Bucholz, 
IBM: H. T. Larson, Ford Motor 
and F. E. Heart, MIT Lincoln 
Laboratory. 


executive commit 
includes R. A. 


interim 


the 
American Federation of 
Processing Societies (AFIPS) 
into being shortly after midnight on 
May 10, 1961 

Joint Computer 
meeting at the 


Calif 


national voice for computing 


nation 


esday Delegates of 7 
Committee secretary; C. 
Ambassador 
in Los Angeles during the 
cre 
the 
the 


knowledge 


this society of societies to fill 


recognized need of organizing 


and diffusion of 


Com- 
information processing sciences at : 


any, 
media eas 

NICC 
he founding societies of 


AIEE, the 


fachinery 


which are 
AFIPS, in 
Association for Comput 
ACM), and the 
Engineers (IRE) 

W H Ware, of the 


es department at the 


societies of 


Institute : . 
: IRE Becomes Co-Sponsor of 


computer Nonlinear 
Rand 
Monica 
chairman of 


after the AIEI 


four 


Magnetics Conference 
Cor- 
Calif.. the IRE (Institute 
AFIPS’ of Radio Engineers) Professional Groups 
ACM on Industrial 
Electronics been 
for the 1961 Special 
on Nonlinear Magnetics 


nearby Santa Co-sponsorship by 


elected first 
ning Board Electronic 


RE had 


1¢ board. The 


Computers and 


each selected members has officially announced 


Technical Conference 
Because of IRE’s 
Ted Bern 
Technical Program 


board will expand its 


ership as other qualified societies 


for membership and are decision to 


AFIPS 


iw an orderly 


accepted participate, Dr 
chairman of the 


Committee 


nediat 


objectives include stein 


transition of business 
NICC 


for ftuture 


has extended the closing date 
August 8, 1961. 
Response to the initial request for tech 
nical papers has been excellent and, with 


1uthority from and formula for conference papers to 


joint computer 


rences 





ty 
Se 


ol 


61 


61 


re 





and are 


60-1404 


61-236 


Conference Papers Open for Discussion 


Conference papers listed below have been Transactions 


accepted by AIEE 
July 26. Duplicate double-spaced 
should be sent to E. C. Day, 
AIEE, 33 W. 39th St., New York 18, 


now open for written discussion until 


pewritten copies of each discussion Assistant 


cretary for N. Y., on 


Technical Papers 


before July 26, 


Transmission Limitations Computed by Superposition. C. A. MacArthur 


39 Controlled Temperature and 


Insulation Protection in the Operation 
of Power ; 


Transformers. F. B. Grace 


The 
E. B 


Trend to Single-Tank Oil Breakers for Subtransmission Voltages. 
Riet 
-135 Vacuum Power Switches: Five Years of Field Application and Testing. 
H.C. Ross 


-142 A Basic 
Harit 


Analysis of the Commutatorless Primitive Machines of Kron. 


Vajn 


udar 


-173 High-Frequency Iron Losses in 


Motors. I. ¢ 


Fractional-Horsepower Induction 


Shaneman 


Leadville High-Altitude EHV Test Project 


[1l—Radio-Influence 
Pakala, E. B 


Part Investigations. L. M 


Taylor I) 


Robertson, W. 


Part IV—Conductors, Towers, and Substations. / M. 
Robertson, D. H. Sandell, H. M. Walton, O. R Huggins, 
J. C. Smith, R. G. Yerk, A. D. Lantz, Jr., J. E. O'Neil 

Nondestructive Inspection of Cable Terminations and Splices by X- 


Ray Analysis. 7. L. Bourbonnais, Il 


Insulators, 


Preprints may be purchased at 50¢ each to members, $1.00 to nonmembers, 
remittance or 


Order 


accompanied by 


AIEF 


send 
N. Y. 


and 
York 18, 


number 
New 


order by 
39th St., 


Please 
Department, 33 W 


coupons 
mittance to 
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the added IRE participation, an extreme- 
ly successful conference is anticipated. 
For further details concerning the 1961 
Special Conference on Nonlin- 
ear Magnetics, scheduled for November 
6-8 at the Statler-Hilton Hotel in Los 
Angeles, Calif., contact Dr. Ted Bern- 
stein at Space Technology Laboratories, 
P. O. Box 95001, Los Angeles 45, Calif. 


Technical 


American Power Dispatchers 
Elect Officers at Spring Meeting 


New 
Power 
elected at 
Spring 
Phoenix, 


the American 
Association 


national officers of 
were 
Association’s national 
meeting held April 28-29 in 

Ariz., at the Salt River 
District’s dispatch office. 

J. L. Price, system dispatcher, Southern 
California Edison Company 
president. Elected to the 
president was J. T. Morcom, dispatcher, 
Salt River District; secretary, R. H. 
Renfro, system dispatcher, Southern Cali 
fornia Edison 
C. M. Merrell 
Glendale, Calif., 

\ conducted 
Consolidated 
Miami, Ariz 

H. iG. 
manager of the Inspiration Consolidated 
mine, was guest speaker at the final din 
meeting held Saturday night at the 
Sands of Tempe hotel in Tempe, Ariz 
Mr. Weed spoke to the group on the 
mining and production of the metal that 
the electrical industry. 


Dispatchers 
the 


Powet 


was named 


office of vice 
Power 
and treasurer, 
chief dispatcher, City of 
Power Department 

the Inspiration 
Company mine in 
was held Saturday, ‘April 29. 
Weed, vice-president and general 


Company; 


tour of 
Copper 


ner 


is so essential to 


Licensing and Construction 
of Nez Perce Project Sought 


O. W. Hurd (AM °36, F °58), 
director of the Washington Public Power 
Supply System (WPPSS), of Portland, 
Ore., rededicated the efforts of the Sup 
ply System to insure the early licensing 
and construction of the Nez Perce Proj 
San Antonio, 


managing 


ect, when he spoke in 
Texas, on April 26 before the annual con- 
vention of the American Public Power As- 
sociation. 

Mr. Hurd the Supply Sys- 


tem’s belief in the superiority of the Nez 


reaffirmed 


Perce Project to “insure maximum devel 
the Middle Snake River) in 
interest, low-cost power fot 

and industrial expansion, 
maximum utilization of the federal trans 


opment (of 
the public 
load growth 


mission grid system and an assured supply 
of power for the participating utilities at 
an increasingly the 
bond payout period and at a 
fraction of that cost thereafter.” 

WPPSS is representing 40 consumer- 
owned utilities in Oregon, Washington, 
and Idaho in its application for a license 
to build the Nez Perce Project on the 
Middle Snake River. Pacific Northwest 
Power Company, a combine of four pri- 
vate utilities, has an application pending 
before the Federal Power Commission also 
for the High Mountain Sheep Project. 


attractive price for 
revenue 
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Los Angeles Section 
Elects Chairman for 1961-62 


Prof. L. L. Grandi, professor of engi- 
neering, University of California at Los 
Angeles, has been elected chairman of the 
Los Angeles Section, AIEE, for the yea 
1961-62, beginning June 1, 1961. Outgoing 
chairman Robert Milmoe made the an- 
nouncement at the Section’s annual “La- 
dies Night” banquet which was held at 
Disneyland Hotel, Anaheim, Calif. 

\ registered professional engineer, Prof. 
Grandi served last year as vice-chairman 
of the Los Angeles Section. He is a grad- 
uate of the University of California, holds 
both the B.S. and M.S. degrees in elec- 
trical engineering, and is active in local 
and national engineering societies. 

During his term of office, Prof. Grandi 
will be assisted by the following officers: 
Vice-Chairman—F. L. Goss, assistant en- 
gineer in charge of operation, Los An- 
geles Department of Water and Power; 
Secretary-Treasurer—W. S. Moody, man- 
ager, Application Engineering, General 
Electric Company; Director No. 1, Pro- 
fessional Development and Recognition 
—R. B. Kimball, application engineer, 
General Electric Company; Director No. 
2, Technical Operations—H. L. Wood- 
bury, electrical engineer, Glendale Public 
Service Department; Director No. 3, Tech- 
nical Operations—J. K. Berger, member of 
technical staff, Hughes Aircraft Company; 
and Director No. 4, Administration—W. 
H. Wedel, staff engineer, Pacific Tele- 
phone Company. 

Division Chairmen will be chosen by 
their own groups, and committee chair- 
men and committee members will be 
appointed. 


Space Travel Is Discussed 
at Meeting of Johnstown Section 


Ihe Exploration and Utilization of 
Space was the subject of an address given 
at the annual dinner meeting on May 24 
of the Johnstown Section, AIEE, by Dr. 
Harald Schutz, manager, Weapons Sys- 
tem Engineering, and director, Astro- 
nautics Institute, Air Arm Division, West- 
inghouse Electric Corporation, Baltimore, 
Md. 

Dr. Schutz stressed the importance of 
being able to maneuver at will in space. 
Engineering problems he has encountered 
in an analysis of space travel contain such 
items as propulsion, navigation, communi 
cations, human factors, and space science. 
Reliability problems are being met, he 
said, through molecular engineering, 
which enables scientists to reduce drastic- 
ally the number of components in a mis- 
sile or space vehicle. 

Dr. Schutz listed five main reasons for 
the space race between the world powers: 
propaganda, military uses, economic ad- 
vantages, population problems, and the 
innate drive to explore. 

Paul Pasternak, the new section chair- 
man, and other officers were inducted at 
the meeting. T. C. Pitzer, retiring chair- 
man, was presented a gift by the section 
and a distinguished service plaque by the 
national organization. 
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Chairman’s Gavel Changes Hands 





. 7 
%@ 

TURNING over the chairman's gavel of the Denver Section, AIEE, to Prof. W. J. Hanna (righ?), 
associate professor of electrical engineering at the University of Colorado, is W. L. Smith, out- 


going chairman of the section. Mr. Smith is the electric utility representative in the Rocky 
Mountain region for the Allis-Chalmers Manufacturing Company. Other officers of the Denver 
Section, which has more than 700 members, are: Vice-Chairman, F. E. Swain, U. S. Bureau of 
Reclamation; Secretary, A. M. Spaulding, Mountain States Telephone Company, and Treasurer, 
J. J. Springer, Public Service Company of Colorado. 





Fellow Certificate Presented 





Fred Tambling 


HIGHLIGHTING the Akron Section Annual Ladies’ Night meeting, held May 16 in the Sheraton 
Hotel, Akron, Ohio, was the presentation of an AIEE Fellow certificate to W. H. Sammis (center), 
president of the Ohio Edison Company, by J. H. Foote (right), past president of AIEE. W. H. 
Chase (left), vice-president of AIEE District 14, presented Mr. Sammis with a Fellow key on 
behalf of the Akron Section. C. L. Smith, president of the Cleveland Chamber of C rce, 
addressed the meeting on “This Is a Great Area,"’ in reference to the industrial potential of 
the Akron-Cleveland area. Section officers for 1961-62 also were elected at this meeting. 





Institute Activities 553 





Engineering Technicians 
To Be Certified by NSPE Body 


The establishment of an Institute for 
the Certification of Engineering Techni- 
cians (ICET) has been authorized by the 
National Society of Professional Engi 
neers (NSPI Purposes of the ICET are 
to: elevate the performance standards of 
determine the 


engineering technicians 


competence of engineering technicians 


through investigations of voluntary can 
| ficates to. be issued by the 
certificates to engineering 
oluntarily apply 
examining and certify 
ch will determine quali 
classes of technician 
submission of credentials 


h recognition 


} secking Suc 

ICET certification does not constitute a 
license to practice engineering 

Trustees are to be named to the ICET, 
which is now in the process of organiza 
tion. The advice and assistance of other 
engineering or technical organizations will 
be solicited, and for this purpose an 
Advisory Council may be established to 
be composed of representatives of other 
engineering or technical organizations 

Additional information on the ICET 
may be obtained from A. C. Friel, chair- 
man, Engineering Technicians Commit- 
tee, National Society of Professional En- 
gineers, 2029 K St., N. W 
6, D. ¢ 


Washington 


AIEE PERSONALITIES 


F. E. Anderson (AM '31), consulting elec 
trical engineer in Northern and Central 
California and chief of the Mechanical 
Electrical Section, Sacramento District, 
Army Corps of Engineers, has retired aftet 


17 years of private and Federal service. 


He was responsible for the mechanical 
and electrical design features that went 
into the construction of Folsom Dam on 
the American River, Pine Flat Dam on 
the Kings River, and Isabella Dam on the 
Kern River. He directed design work for 
pumping plants now in operation at the 
Sacramento Signal Depot, McClellan and 
Mather Air Force Bases near Sacramento 
Travis Air Force Base near Fairfield, Stead 
Air Force Base near Reno, and Sharpe 
General Depot near Stockton. Pumping 
facilities under construction at the Sacra 
mento Deep Water Ship Channel Project 
were designed under Mr. Anderson’s su 
pervision. For the last 2 years, Mr. Ande 
son had been acting as special assistant to 
the corps’ head designer in Sacramento. 


J. N. Antonevich (AM °51) has been ap- 
pointed director of ultrasonic research and 
Blackstone Corporation, 
Jamestown, N. Y. He has been assigned to 
directing development of new types of 


development 


sonic equipment and exploring new appli- 
cations for sonic energy. He was previously 
associated with Battelle Memorial Insti- 





Student Branch Prize Paper Competition Held 


WINNERS in the AIEE Middle Eastern District 2 Student Branch Prize Paper Competition, held 
April 28 at the Moore School of Electrical Engineering, University of Pennsylvania, Philadel- 
phia, Pa., have been selected. Shown are: (leff to right) H. M. Chandler, chairman, District 2 
Student Activities Committee; J. P. Bevans, Johns Hopkins University, second prize winner for 
the paper, “‘A Random Number Generator’; R. G. Chapman, Jr., Princeton University, first prize 
winner with the paper, ‘Modified Coherer as a Bistable Element’’; H. H. Sheppard, vice-presi- 
dent, District 2, and B. D. Dent and Lex Hughes, Lafayette College, joint third prize winners, 


for the paper, ‘Electric Chronometer. 
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tute at Columbus, Ohio, as principal elec- 
trical engineer, 


G. R. Archer (AM '54) has joined Compu- 
Dyne Corporation as general manager of 
their process Control Division located in 
Hatboro, Pa. Mr. Archer came to Compu 
Dyne from the Budd Company where he 
was chief engineer of the Electronic Con- 
trol Section. 


J. C. Aydelott (M °32, F °48) of the Gen- 
eral Electric Company’s locomotive and 
car equipment department has been 
awarded a $1,000 prize for a_ technical 
paper on locomotive wheel — slip The 
award was made by Alco Products, Inc., at 
the recent Pan American Railway Con 
gress. It was the second highest of 16 
prizes made from a total of 161 papers. 
The paper, entitled “The Slippery Spot 
Concept of Wheel-to-Rail Adhesion and 
its Implications with Respect to Economi- 
cal Locomotive Operation,” was judged 
by the Congress as the best paper on the 
construction, operation, and moderniza 
tion of diesel-electric locomotives. Mr. 
Aydelott’s thesis is that wheel slip is 
caused by slippery patches of rail, and 
therefore can be controlled by checks 
only when the locomotive is actually on 
one of the patches. The system concept 
by Mr. Aydelott allows the train weight 
to be increased to meet average condi- 
tions. This new approach significantly in- 
creases the amount of useful work the 
locomotive can accomplish. Mr. Aydelott 
has served on the AIEE Land Transpor- 
(1941-61, chairman 


tation Committee 


1947-49). 


John Cammarata (AM "52, M °55) has been 
named manager of product reliability fon 
Arma Division, American Bosch Arma 
Corporation, Garden City, N. Y. For the 
last year, he was assistant chief engineer— 
operations. 


L. H. Carson (AM °48, M °56) has been 
appointed chief engineer of the Trans 
former Division Transformet 
Company, Chicago, Hl. Mr. Carson will 


concern himself with a variety of activities 


Supreme 


including the improvement of engineering 
design and performance of Supreme trans 
formers. 


R. M. Casper (M 740) has been appointed 
general manager, Power Equipment Di 
Allis-Chalmers Manufacturing 
Company, Milwaukee, Wis. Mr. Casper, 
who is a vice-president of the company, 
has been general manager, Atomic En 
ergy Division, since 195 


vision, 


J. B. Connelly (AM °47) has been ap- 
pointed director of field engineering of 
Sperry Gyroscope Company, Division of 
Sperry Rand Corporation, Great Lake, 
N. Y. In his new position, Mr. Connelly 
will direct the world-wide activities of 
field engineers concerned with Sperry’s 
diverse marine, aviation, military, and 
industrial products. Since 1956, Mr. Con- 
nelly has been superintendent of the 
company’s Wichita, Kans., service area. 
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G. F. Simmons (AM °51, M °59), formerly 
with General Electric Company, Rome, 
Ga., has joined Precision Transformer 
Corporation’s engineering department. Mr. 
Simmons has taken full responsibility fo1 
the design and development of dry-type 
transformer lines. 


D. D. Smith (AM °47, M ’58) of Hamp- 
ton, Va., and T. E. Bowman (AM 55) of 
Newport News, Va., have been named 
chairman and secretary, respectively, of 
the new Hampton Roads Section, AIEF, 
which embraces 18 Virginia counties. Mi 
Smith has served on the AIEE Domestic 
and Commercial Applications Committee 
(1959-61). 


F. V. Smith (AM '23, F ’48, Member for 
Life), has been named senior partner of 
Sargent & Lundy, Chicago, IIl., consult- 
ing engineers. Mr. Smith was formerly 
general manager. 


W. B. Snow (AM '25, M ’34) has been 
named to the scientific staff of the Bissett 
Berman Corporation. Mr. Snow was most 
recently a member of Space Technology 
Laboratories, Inc. 


K. R. Van Tassel (AM '27) has been 
elected president of the A. B. Dick Com 
pany, Chicago, Ill. He joined the company 
in 1956 as executive vice-president, 


A. P. Walker (M '54) has been appointed 
to the Cedar Rapids Division of Collins 
Radio Company, Cedar Rapids, lowa. Mr. 
Walker, who was formerly manager of en- 
gineering for the National Association of 
Broadcasters is now responsible for the 
development activities of Collins commer 
cial broadcasting and amateur radio prod 
uct lines. He served on the AIEE Broad- 
casting Committee (1954-61). 


A. J. Ward (AM ‘47, M °52), a marketing 
specialist, has been named to the staff of 
4. T. Kearney & Company. Prior to join 
ing the Kearney organization, Mr. Ward 
was manager of market planning and 
service for the Sundstrand Aviation and 
Defense Products Division of the Sund 
strand Corporation at Rockford, Ill 


R. T. Weil, Jr. (AM °32, M ’44), head of 
the department of electrical engineering 
at Manhattan College, New York, N. Y 

since 1945, has been appointed dean of 
the School of Engineering, effective July 
1, Dean Weil has been a faculty membe1 
at Manhattan for 29 years. He has served 


Albert Guida 
R. T. Weil, Jr. 
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the AIEE as vice-president of District 3 
(1960-62), on the Board of Directors (1960- 
62), and as a member of the Finance 
Committee 1960-61). 


A. H. Wolfson (AM ’58) has been ap- 
pointed engineering proposals manager 
of the Data Systems Operations of Sylva- 
nia Electric Needham, 
Mass. In his new capacity, Mr. Wolfson 
will be responsible for directing all engi- 


Products Inc., 


neering proposal activity of the Data Sys- 
tems Operations. He was formerly project 
digital com- 
puter system in the data processing lab- 


engineer for an air-borne 
oratory of Sylvania Electronic Systems’ 
Waltham Laboratories, Waltham, Mass. 


OBITUARIES 


Ralph Waldo Atkinson (AM ’09, M ’14, 
F '28, Member for Life) of Westfield, 
N. J., consultant on high-voltage cables 
and power transmission, died May 17 
at the age of 73. Mr. Atkinson retired 
in 1954 as director of research for the 
General Cable Corporation. Born June 
16, 1887, in Smithland, Iowa, he studied 
at Iowa State College from which he ob 
tained the B.S. degree in electrical en 
gineering in 1906 and the electrical engi 
neering degree in 1911. He was employed 
as engineering apprentice in 1906 by 
Westinghouse Electric and Manufactur 
ing Company, East Pittsburgh, Pa. In 
1908, Mr. Atkinson became an assistant 
to the chief engineer of Standard Under 
ground Cable Company, and in 1923 he 
was promoted to chief electrical engi- 
neer. When Cable 
Standard Underground in 1929, he went 


General absorbed 
to General Cable where he became direc 
tor of High Laboratories. In 
1944, he was promoted to chief research 
engineer, and in 1952 


Tension 


director of re 
search. He was the inventor of various 
methods dealing with manufacturing and 
testing of high-voltage cables. After his 
retirement in 1954, he served the com 
pany occasionally as a consultant. M1 
Atkinson was a scientific observer at the 
atomic tests at Bikini in 1946. He went 
to India in 1956 under the United States 
Technical Co-operation Program as head 
of the electrical engineering department 
of Sindri Institute, Bihar Institute of 
Technology, Sindri, India. The Atkinson 
Laboratory at Sindri was named in his 
honor. Iowa State College awarded him 
its Anson Marston Medal in 1951 for 
achievement in engineering, and in 1959 
he was the recipient of the annual Chi 
cago alumni Award of Merit. Mr. Atkin 
son was a member of the Engineers Club 
of New York, the American Association 
for the 
American 


Advancement of Science, the 


Standards Association, the 
American Society of Testing Materials, 
and the National Research Council. M1 
Atkinson served on the following AIEE 
Committees: 
tion (1919-24), Power Transmission and 
Distribution (1924-30), Research (1933-41) 
Standards (1934-56), Board of Examiners 
(1945-61), Insulated Conductors (1954-61), 
and Dielectrics (1955-57). Plans are being 
made to establish a scholarship in his 


Transmission and Distribu 
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R. W. Atkinson 


memory at Sindri Institute, and gifts may 
be made to this project. 


Howard Austin Enos (AM '21, M ’27, F 
54, Member for Life), retired distribution 
engineer of the American Gas and Electric 
Service Corporation in New York, died 
recently at the age of 70. Born April 4, 
1891, in Cheshire, Mich., Mr. Enos was 
educated at the University of Michigan 
from which he received the B.S. degree 
in electrical engineering in 1917. He had 
been associated with American Gas and 
Electric since 1924 in charge of the Dis 
tribution Engineering Section. He wa 
responsible for the planning and super 
vision of the operation of distribution sys 
tems of the entire American Gas and Elec 


tric system 


Floid Merrill Fuller (AM ‘12, M °12, Mem 
ber for Life), retired distribution engi 
neer for the Pennsylvania Power and 
Light Company, died April 20. Born Sep 
tember 4, 1883. in Scranton, Pa., he 
studied at the Massachusetts Institute of 
Technology from which he received de 
grees in mechanical and electrical engi 


neering in 1906 and 1908, respectively. He 


was a member of the National Society of 
Professional Engineers, the Engineers Club 
of the Lehigh Valley, and the American 


Society of Mechanical Engineers 


Victor P. Oldfeild (M °51) 
Government of India Overseas 
Communications Service, Madras, India, 
died recently. Mr. Oldfeild was born May 
24, 1905, in Kolhar, India. During 1932 


16, he was employed by the Indian Radio 


engineer-in 


charge 


and Cable Communications Company. In 
1947, he became assistant engineer for the 
Government of India Overseas Communi 
cation Service 


Verne Warren Shear (AM ‘06, M ‘12 
Member for Life), owner and president of 
Verne W. Shear and Company, died re 
cently. Born December 2, 1880, in Say 
brook, Ohio, he graduated from the Case 
Institute of Technology in 1906 with the 
B.S. degree in electrical engineering. M1 
Shear was employed by Westinghouse in 
Pittsburgh, Pa., until he came to Akron 
Ohio, in 1912. At that time, the old 
Northern Ohio Traction and Light Com 
pany was engaged in the construction of 
the Gorge Power Plant. Mr. Shear re 
mained in this construction engineering 
work for a year and a half. He later went 
into business as a sales engineer, from 


which he retired about 5 years ago. 
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OF CURRENT INTEREST 


Radio-Electrocard iogra ph Svstem for 


Electrocardiograms While Patients Exercise 


AN OFFSHOOT of the United States 
successful astronaut program Is exp cted 
vajor breakthrough in the 

irdiac disorders, it was 

at the 10th Annual 


American College of 


meeting saw demon- 

new simplified radio 

aph system which, for the 

akes practical the taking of 

ams in doctor's offices or 
patients are exercising 

strument, called the RKG 


lics, Ine 


by Telemec 
Pa., wholly owned sub 
Manufacturing Co., In¢ 
vas designed for the 
iological testing program 
n Commander Alan B 
ig the nation’s first space 
uses a pocket-size trans- 
macdcastsS a patients heart 
to receiver, as far as 500 feet 
away. The receiver relays the information 
lloscope, electrocardiogram — r¢ 
machine, or tape recorder for 
medical interpretation 
The lack of any connective wiring be- 
tween the patient and the recording in- 
struments permits freedom of movement 
prohibited with previous EKG _ equip- 
ment 
[he medical significance of this was 
indicated by Dr. Samuel Bellet, chief of 
the Division of Cardiology of Philadel- 


phia General Hospital, in a paper titled 


The Electrocardiogram During Exercise 
as Recorded by Radio-Electrocardiogra- 
phy—Preliminary Studies 

On the basis of 270 patients studied, 
Di Sellet stated These data indicate 
that the electrocardiogram taken during 
exercise is an extremely valuable adjunct 
in the diagnosis of myocardial abnormal 

particularly the presence of coronary 


ery disease. The information which is 


The pocket-size transmitter of the RKG 100 
radio-electrocardiograph system broadcasts 
the patient's heartbeats to the compact re- 
ceiver located as far as 500 feet away. The 
receiver relays the information to an oscil- 
loscope, standard EKG recording apparatus, 
or magnetic tape recorder for analysis. 


Salesman has radio-electro- 
cardiogram taken while 
simulating the normal ex- 
ertion of his occupation 
(left) at the Heart Station 
of Philadelphia General 
Hospital. Miniaturized trans- 
mitter, called RKG 100, in 
his shirt pocket broadcasts 
heart’s responses to com- 
pact receiver which relays 
information to standard 
EKG recorder being read by 
Dr. Stavros Deliyiannis. 
(Right) Patient's heart re- 
sponse to exercising on bi- 
cycle is read. This simplified 
radio-electrocardiograph sys- 
tem, developed by Telemed- 
ics, Inc. of Southampton, 
Pa., makes practical for the 
first time the taking of elec- 
trocardiograms while pa- 
tients are exercising. 


Of Current Interest 


obtained during the period of exercise is 
often unavailable or inadequately shown 
in the post: Exercise racing 

Collaborating with Dr. Bellet in these 
clinical evaluations of the RKG /00 were 
Drs. Stavros Deliyiannis and Marcel! Elia- 
kim of Philadelphia General Hospital and 
Richard Berman and Bernard Schwartz 
of Telemedics, Inc 

It is anticipated that such information 
will help to solve the medical mystery of 
why some apparently healthy patients 
have suffered cardiac attacks shortly after 
a standard electrocardiogram had revealed 
no abnormality 

During such conventional examinations, 
the patient is normally reclining and the 
heart is not under stress. The studies by 
Dr. Bellet indicate that cardiac defects 
frequently are revealed only while the 
heart is responding to the stress of ex- 
ercise 

Of 147 hypertensive or arteriosclerotic 
patients observed by the Philadelphia 
cardiologist, 58°, showed abnormal re 
sponses “only or chiefly during the period 
of exercise.” 

Several new applications of  electro- 
cardiography are foreseen by physicians 
because of the flexibility of the radio- 
clectrocardiograph system. Continuous 
monitoring of many cardiac or recovery 
room patients at one hospital station is 
one probability. 

Observation of the heart’s reaction to 
stress as a person goes about his daily 
work also will now be possible in many 


Cases. 
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The RKG /00 apparatus utilizes spe- 
cially designed, disposabl 
10-ounce battery-operated radio transmit- 
ter, and a portable desk-model receiver. 

“The 
method,” commented Dr. Bellet, “show 
a steady and stable base-line. The trac- 
ing is faithfully recorded during various 
forms of activity. The apparatus is sim- 
ple; it can easily be applied for use in 
a doctor’s office or in a hospital.” 


electrodes; a 


records obtained with _ this 


Electrodes are used which consist of 
bandage with a 
unique electrode paste reservoir, a me- 


a patch-type adhesive 


tallic screen, and contact snap fastener. 
They are easily secured on the skin in a 
manner similar to applying most adhe- 
sive bandages and comply with the 
skin's surface motion. 

The FM radio transmitter is 4 inches 
high, 3 inches wide, and 1 inch thick, 
Input signals from the electrodes are 
carried by thin flexible wires to the 
transmitter where they are amplified and 
transmitted from an antenna in the 
transmitter itself. 

The transmitter batteries are self-con- 
tained and capable of operating continu- 
ously up to 5 hours without recharging. 


New Square Panel 


They can be recharged simply by placing 
the complete transmitter in the auto- 
matic charging system located on the 
receiver. Since the system is normally 
operated during the day, recharging can 
take place conveniently overnight. 

[he transmitter operates on an author- 
ized radio frequency allocated by the 
Federal Communications Commission. 

rhe radio receiver is approximately 12 
by 14 inches and 8 inches high. A collaps- 
ible antenna extends to a height of 3 feet. 

The receiver console contains a selector 
switch which allows channeling the elec 
trocardiographic signal to any conven- 
tional electrocardiographic recording in- 
strument, a cathode-ray oscilloscope, a 
magnetic tape recorder and playback sys- 
tem, or all three simultaneously. 

It also has a_ skin resistance meter 
which permits a fast and accurate meas- 
urement of total body resistance between 
the electrodes as a check on proper elec- 
trode application. 

One-millivolt calibration is provided 
from the receiver console. This introduces 
a sharp wave of 1-millivolt amplitude 
on the recording and oscilloscope in- 
struments, EE 


Fluorescent Lamp Unveiled 


A NEW fluorescent lamp in the shape of 
a thin, square panel was unveiled re 
cently by the General Electric Company 
(GE). The company announced that it 
would begin marketing it immediately. 

rhe lamp, 1154 inches square and 114 
inches deep, was classified by D. D. Scarff 
general manager of GE’s large lamp de 
partment, as “one of the most significant 
product innovations since General Elec 
tric introduced the first fluorescent lamp 
in 1938.” 
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Under development in GE’s research 
and engineering laboratories at Nela 
Park, Cleveland, Ohio, for more than 
3 years, the unique fluorescent lamp adds 
a square form to the point, linear, and 
circular light sources which have been 
available in the past. 

Compact and efficient, the panel lamp 
is designed to fit a module 12 inches 
square, and offers a practical and con- 
venient way of getting more light in a 
small space. It can be used singly or in 


GE's panel fluores- 
cent lamp is exam- 
ined Uleft). Lighted 
panel shows the 
waffle pattern of the 
face plate of the 
lamp, which com- 
5-foot- 
long arc in a 1-foot- 
sqvare area. Rated 
at 80 watts, the 
lamp emits 10% 
more light than four 
conventional 20-watt 
fluorescent tubes. Pro- 


presses a 


totype of a_ free- 
standing 
(right) 
the lamps may be 
used to provide more 
than 1,000 foot-can- 
dies of illumination 
for a work bench or 
industrial 
area. 


fixture 
shows how 


assembly 


Of Current Interest 


groups, and lends itself to built-in, sur 
face-mounted, suspended, and free-stand- 
ing applications. 

In addition to its small size and high 
light output, the lamp offers several major 
advantages to users because of the way 
in which it was designed, it was pointed 
out. 

Its face plate, attractive both lighted 
and unlighted, features a_ waffle-pattern 
configuration with 134-inch squares. These 
facilitate the use of the lamp in fixtures 
with louvers of an identical grid spacing 
for efficient control of the light. The face 
plate diffuses the light 
path of the arc 

The lamp’s bi-pin terminals for elec 


concealing the 


trical connection are positioned behind 
an outer rim at adjacent corners, and 
are entirely within the over-all depth and 
other dimensions of the panel. This ar 
rangement makes for simplicity in apply 
ing the lamp to fixtures of various de- 
signs. The terminal 
permits the use of push-pull connectors, 


arrangement also 


capable of being inserted with one hand, 
making lamp installation and mainte 
nance simple and easy. 

rhe lamp will come in two types. The 
first to be available emits light in equal 
amounts from the front and back. An- 
other version will have a reflective coat 
ing on the back side to direct most of the 
light from the front 

The lamp is designed to operate at 
either 80 watts or 50 watts. At 80 watts 
it produces 4,800 lumens, or units of 
light, giving it an efficiency of 60 lumens 
per watt of electricity consumed. This is 
10% more light than is emitted by four 
conventional 20-watt fluorescent lamps 
The average brightness of its face is ap- 
proximately 3,200 foot-lamberts. 

At 50 watts the lumen output of the 
lamp is 2,900 lumens, the efficiency 58 
lumens per watt, and the brightness pro 
portional to the lumens. The rated life 
of the lamp is 7.500 hours at both wat 
tages. 

It was pointed out that new fixture 


concepts and designs are necessary for the 
g 











square fluorescent lamp, and that lamp 
specifications now are being presented to 
fixture manufacturers 

Mr. Scarff noted that development of 
the square 


nounced by GE in 1959. Before a com 


fluorescent lamp was an 


mercial version could be introduced, he 


said, intensive research and development 


were required involving the lamp’s de 


sign, the fabrication of its parts, and the 
creation of new machinery for its con 
struction. All of these called for tech 


niques and equipment completely new to 


the lamp industry 


Manufacture of the lamp _ involves 


molding two individual squares of glass 


one serving as a configurated face plate 


nd the other with an open trough which 


loops six times across the lamp After 


processing, the face plate and the piece 
with the trough are sealed together, com 
pressing a foot-long arc path within a 
l-foot square area 
By molding the glass pieces separately 
has been possible to keep the lamp 


light in weight 


without sacrificing its 


strength EE 


New Spinning Wheel 
Weaves Threads to Space 


There’s a new type of spinning wheel 
in Lockheed’s Van Nuys, Calif plant 
weaving money-saving multiwire space 
iv¢ cables 
i 


The rapid-rotating (up to 60 rpm) 6- 


foot-diameter wheel is part of a 25-foot- 


long planetary wire-stranding machine. 
Its product makes possible the electronic 
checkout and launching of Lockheed-built 
satellites and missiles at Vandenberg Air 
Force Base and Cape Canaveral. 

The wire-stranding machine and its ac- 
cessories purchased outside but modified 
with off-the-shelf items by Van Nuys plant 
Lockheed 


approximately 


Missiles and 
$15,400 


However, savings in the year it has been 


engineers, cost 
Space Division 
in operation add up to ten times that fig 
ure—$150,000 Lockheed estimates. 

lo have the cable work done outside 
the Van Nuys plant, the firm reports, 
would cost three times as much, and Lock 
heed would not have retained complete 
control over production, inspection, and 
often tight time schedules (sometimes as 
little as a few hours’ notice). 

In recognition of the savings—both time 
and money—a Lockheed Conservation Ci 
tation has been awarded for the cabling 
operation, 

So far, some 5 miles of cable (more than 
25.000 feet) have been produced by the 
wire-stranding machine, nicknamed “the 
sausage maker” by employees 

In the complete operation, individual 
wires are reeled out from the 18 spools on 
the face of the big revolving planetary 
wheel at the rate of from 10 to 48 feet 
per minute, sent twisting through holes 
in a smaller spinning wheel (called a 
“spider”), shaped into a cable by a form 
ing block (14 to 134 inches, depending on 
number and size of wires), and finally 
pulled onto a motor-driven reel at the 
other end of the machine. 

The wires, held together with a plastic 


TURNING OUT multiwired cables destined for missile and satellite launch pad and blockhouse 
electronic operations is a new type of spinning wheel at the Van Nuys, Calif., plant of Lock- 
heed Missiles and Space Division. It is part of a 25-foot-long planetary wire-stranding ma- 
chine which has thus far produced more than 5 miles of cable in the year it has been in 
operation—much of it on short notice. The money- and time-saving machine cost approxi- 
mately $15,400 but savings have added up to ten times that figure. Seen checking over one 
of the 18 wire spools is technician Arthur Harris. Wheel will turn up to 60 rpm. 


558 


Of Current Interest 


tape binder, are then encased in a durable 
Neoprene-rubber protective jacket, and 
metal connectors are attached to the 
cables. 

The completed multiwire cables—each 
of necessity a custom-made job because 
of the diverse tasks performed—go to Van 
denberg and Cape Canaveral where they 
are used in the electrical transmission of 
information between  blockhouse = and 
launch pad on the readiness of the Polaris 
missile or Agena satellite components from 
checkout to lift 

Engineers note that the operation at 
Van Nuys is not limited to missiles and 
satellite ground support equipment but is 
available for numerous other cable re 
quirements throughout Lockheed and the 


industry. EE 


Recorder Automatically 
Stamps Time and Date on Tape 

A new recorder introduced by the 
Westrex Company, a division of Litton 
Industries, can be actuated by the sound 
of a voice and automatically stamps the 
time and date on the magnetic tape. 

The type RA-/65/ signal-actuated voice 
recorder was designed for voice com- 
munications systems that must maintain a 
complete and accurate log of messages. 
Examples are police and fire department 
communications systems and air traffic 
control centers. It is expected to be useful 
in gathering information for police work, 
such as in around-the-clock surveillance 
in a number of jail areas. 

The unit can operate continuously for 
2514 hours without a change of reels if 
the slowest speed of 54 inch per second ts 
chosen. Other tape speeds are also avail- 
able. 

From one to four separate channels of 
information may be recorded. Because of 
this, and the long recording time, reload- 
ing of tapes, and space required for tape 
storage are minimized. 

Iwo units can be coupled so that one 
automatically goes into operation when 
the tape on the other reaches the end of 
the reel or breaks. Besides assuring con- 
tinuous operation, this automatic feature 
can double the continuous recording time. 

The unit begins recording within 10 
milliseconds after a voice signal is de- 
tected, assuring that no intelligence is lost. 
A time stamp automatically stamps the 
time and date at the end of the message. 
If continuous operation is selected by 
switch, the time is automatically stamped 
every minute. 

Fast starting time is obtained by run- 
ning the synchronous tape drive motor 
continuously, but not moving the tape 
until a solenoid engages it to the capstan. 
Chis capstan is actuated by an incoming 
audio signal or by a front panel control 
switch in the continuous mode of opera- 
tion. 

Tape event search can be made by 
either reproducing the recorded sound o1 
by reading the time and date logged on 
the magnetic tape. Sound reproduction 
quality is comparable with that of con- 
ventional tape recorders. 

The basic recorder comprises three in- 
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terconnected units that can be mounted 
in existing radio racks or in an optional 
cabinet. The three units, all of the stand- 
ard 19-inch width, are a tape transport 
unit, a control panel, and a transmission 
equipment panel containing from two to 
five plug-in modules depending on the 
number of channels selected. 

Ihe unit is powered by a 115-volt, 5¢ 
or 60-cycle current. Ease of operation and 
maintenance are built into the system. Se- 
lection of manual or automatic operation 
reproduce, scan or stop 18 made from a 
single panel switch. Lamps indicate that 
tape has run out, or that the time stamp 
should be reset because of a power failure. 
A volume meter and volume level controls 
are provided for each channel. A_ jack 
makes it possible to monitor the record- 
ing by headset or loudspeaker. 

Magnetic tape capacity is 4,800 feet of 
4-inch-wide 0.7-mil Mylar tape on 1014 
inch NAB reels. EE 


Automatic Landing System 
Slated for 10 Navy Carriers 


An automatic landing system that per- 
mits flight under 
weather conditions will be installed aboard 
10 U. S. Navy carriers, Bell Aerosystems 
Company announced recently. 

Under contract with the U.S. Navy 
Bureau of Ships, Bell—a Textron com- 
pany—is producing 12 automatic landing 
systems. In addition to the 10 carrier 
installations, 2 systems will be employed 
as land-based training devices. 

The automatic landing system (ALS) 
was developed under contract with the 
Navy's Bureau of Ships by Bell’s Avionics 
Division which will also produce the 12 
units. 


operations adverse 


rhe first carrier-based system is planned 
for installation aboard the nuclear pow- 
ered U.S.S. Enterprise. Following evalua- 
tion, delivery of the remaining carrie1 
units will begin in late 1962 and continue 
through 1964. 

In addition to the U.S.S. Enterprise, 
the Bell landing system officially de- 
signed the AN/SPN /0—will be installed 
on the Constellation, Kitty Hawk, Inde- 
pende nce, Saratoga, Forrestal, 
Roosevelt, Coral Sea, and Midway 

The automatic landing system will im- 


Ranger, 


prove aircraft operations during fog and 
other unfavorable weather conditions. In- 
stalled aboard a carrier, the Bell system 
electronically guides an approaching air- 
craft to “touchdown” on the carrier deck 
without the pilot being required to touch 
pitch and bank controls or to make visual 
contact with the carrier. 

The Bell system assumes control of an 
aircraft when it is several miles from the 
carrier. Precision radar tracks the airplane 
and relays its position to a computer. The 
computer compares the aircraft's position 
with that of the carrier and generates con 
trol commands which are radioed to the 
aircraft’s automatic pilot. The automatic 
pilot, in turn, controls the aircraft, hold- 
ing it on a proper flight path. 

As the aircraft approaches the carrier 
deck, the landing system will automatically 
give the pilot a “wave-off” signal if his 
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airplane is not exactly aligned for safe 
landing. In the event of a wave-off, the 
aircraft is flown around the landing pat- 
tern for another attempt. 

While developing its landing system, 
Bell performed more than 3,000 auto- 
matic landings on carriers and airfields. 
Bell has also developed a land-based sys- 
4AN/GSN 5, 
turned over i the 


which has been 
Federal Aviation 
Agency for commercial evaluation, EE 


tem, the 


Pulsed Neutron Generator 
Will Be Installed at JAERI 


\ pulsed neutron generator has been 
completed by the Matsuda Research Lab- 
oratory of the Tokyo Shibaura Company, 
Ltd., and will be installed at the Japan 
Atomic Energy Research Institute (JAERI) 
near Mitco City, in conjunction with a 
semihomogeneous critical assembly unit 
known as a zero-power atomic reactor. 

his combination, developed in Japan, 
may be used for research or development 
purposes. 

Ihe neutron generator produces high- 
speed neutrons by application of accel- 
erated deuterium to tritium target, by 
means of nuclear fusion 

Ihe newly completed Toshiba unit is 
capable of adjusting the duration time 
freely, and the generating neutron as well, 
either continuously or in pulsed condi 
tions. 

Ihe capability of this Toshiba instru- 
ment ranges from 10 to 100 billion neu- 
trons, comparable to that of a unit of a 
small-power reactor. 

It is, in addition, able to manufacture 
pulsed neutrons at a far lower price than 
an orthodox atomic reactor. 
radium-beryllium 
natural neutron source, its cost is esti- 


Compared with the 


mated as constituting 0.001% of its entire 
ray source, 

his new equipment generates neutrons 
having a high-energy output of 14 million 
electron volts. 

It does not bring about any gamma ray 
condition, which would be inevitable if an 
atomic reactor were to be employed or if 
a radium-beryllium ray source were re- 
sorted to, 


A PULSED neutron gen- 
erator, recently com- 
pleted by the Matsuda 
Research Laboratory of 
the Tokyo Shibaura 
Electric Company, Ltd., 
will soon be installed 
at JAERI, the Japan 
Atomic Energy’ Re- 
search Institute near 
Mito City in Ibaragi 
Prefecture, in conjunc- 
tion with a semihomo- 
geneous critical assem- 
bly unit which is 
known as a_ zero- 
power atomic reactor. 
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The generator also can produce thermo- 
neutron flux, as atomic reactors do, when 
the target is wrapped securely by means 
of such moderators as paraffin, yet not 
encounter any difficulty which might arise 
from waste. 

Applications of the new unit include 
neutron experiments, activation analysis, 
production of short-life-type isotopes, bio- 
logic al irradiation « xperime nts, ete 

loshiba previously built a neutron gen- 
erator for the Science Department ot 


Tokyo University. EE 


Optical Radar Could 
Map Moon from Earth Base 


A “light-beam” radar for many scientific 
explorations, including mapping the moon 
more accurately than before, has been de- 
veloped by Hughes Aircraft Company as 
a research companion to its new “Colidar” 
spacecraft radar, a company scientist dis- 
closed recently 

Eventually, an optical radar operating 
from earth could spotlight its beam on a 
moon area only 10 miles in diameter, Dr. 
G. F. Smith, of Hughes research labora- 
tories, Malibu, Calif., said 

“This would make possible sharper pic- 
tures (even determining more accurately 
the height of moon mountains) than those 
now made by ‘illuminating’ the moon with 
radio or microwave signals from ordinary 
radar which disperses its beams over such 
large areas that their intensity is dissi- 
pated,” he declared. 

‘The compact, lightweight device has 
exceptionally high angular resolution and, 
although it is still in early stages of de- 
velopment, already produces a narrow 
beam 100 times as narrow as the signal 
from conventional radar,” he added 

The key part of the radar is its light 
source, a “laser” (for Light Amplification 
by Stimulated Emission of Radiation), in- 
vented last July by Dr. T. H. Maiman of 
Hughes, which produces an intense burst 
of pure red light in an extremely narrow 
beam. 

In recent experiments, the beam-width 
of the Hughes optical radar system was 
0.023 degree. Lasers should eventually pro- 
vide beams as narrow as 0.004 degree with- 








out the aid of lenses. The laser that was 
used, however, gave an 0.7-degree beam 
which was further reduced to 0.025 de 
gree by a telescope with a 6-inch mirror. 
Present-day ruby lasers do not produce 
theoretically expected beam-widths due to 
imperfections in the ruby crystals 

The laser transmitter operated with 
peak powers up to 2,000 watts at a wave 
length of 6,943 Angstroms (0.00006945 cm 
For most of the experiments, each output 
burst consisted of many closely spaced 
microsecond pulses over a period of about 
| millisecond. The shape of the output 
burst was substantially improved, how- 
ever, by cooling the ruby to about 150 I 
in accordance with a technique recently 
demonstrated by R. J. Collins of the Bell 
| lephone Laboratories 

Three types of noise affect the system: 
internal or receiver noise 
} 


external noise 


tue to undesirec 


light which enters the 
receiver through the red filter, and fluctu- 


ation or “shot” noise in the signal itself. 


The receiver noise is due to dark cur 


rent in the phototube. Refrigeration can 
reduce this if necessary 

me operation on the surface of 

that part of the scattered sun- 

in pass through the red 

performance of the sys 

d filter with a narrower 

dth can reduce noise. The 

eceiver made use of a 15- 

rference-type filter A 1 

would improve the signal- 

Appreciable 


ement will have to await 


15 times 


of exotic receiving tech 
niques optical heterodyning or 
iser preampiification 
he fluctuation noise provides an ulti- 
ate limitation for a laser radar if the 
other two sources of noise can be elimi- 
nated. This noise is fundamental in nature 
and is due he random rate of arrival 
of light photons which make up the re- 


ceived signal. EE 


First Deep-Space 
Television Described 


The first method for receiving television 
from deep-space vehicles probing Mars 
and beyond was described recently at the 
National Symposium on Global Commu- 
nication 

Spe Try Gyroscope Company engineers 
explained details of a system that can re- 
ceive television and other broadband tele- 
metered information 400 times faster 
more efficiently, and at one third the cost 
of the most advanced methods known 
today 

Present ground-based antennas are lim- 
ited to reception of five picture “frames” 


per minute. The Sperry system can accept, 


Correction: In “Letters to the Editor depart 
ment of the May 1961 issue, p. 398, the last 
section of the first paragraph of the letter en- 
titled Thermonuclear Power’ should read as 
follows Thus, the blocking effect of the mag 
netic field on the flow of ions to the surround- 
ing cylindrical wall is completely eliminated by 
the self-induced radial electric field which 
1utomatically sets itself perpendicular to the 
magnetic field. The fabulous magnetic bottle 
may be merely a fantastic dream.’ 
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process, and present 30 frames pet second, 
the speed of normal continuous motion 
such as that seen on a home television set. 

The new system opens the way to ad- 
vances in space communication, naviga- 
tion, and exploration hundreds of millions 
of miles from earth, thought by scientists 
to be vears away. It has been demonstra- 
ted successfully in a working model at 
the company’s Great Neck, N. Y., head- 
quarters. 

Reversing a trend which presently fa- 
vors single antennas as large as_ three 
football fields, a unique array of smaller 
antennas, each approximately 100 feet 
wide, has been designed. These will be 
more efficient than a larger dish (70 db), 
explained, but will not be 
affected by mechanical tolerance problems 


cngineers 


or atmospheric signal distortions inherent 
in the vast expanse of one huge reflector 

Called Automatic Chree-Dimensional 
Electronic Scanned Array (ATHESA), the 
system groups its antennas in a circular 
pattern and operates them at identical 
power and frequency to duplicate elec- 
tronically one giant dish 

Che relatively small size of each antenna 
in the ATHESA array minimizes both at- 
mospheric distortion and mechanical tol- 
erance problems. Antennas can be added 
to boost the gain of the ATHESA with no 
increase in signal distortion 

Signals from a_ space satellite-borne 
transmitter are received at each antenna 
in the ATHFsA and automatically proc- 
essed through circuits called phase-locked 
loops to correct for atmospheric and me- 
chanical errors. A reference phase is es- 
tablished for each antenna loop and the 
phase of each received signal adjusted to 
coincide with the reference phase. The 
signals then are combined in a common 
receiver. This technique, known as phase 
maximum detection 


coherence, assures 


and amplification of the energy trans- 
mitted from space, the engineers said. 
Until now, gigantic antennas had been 
believed necessary to receive information 
from small transmitters in weight-limited 
space vehicles. But Sperry scientists say 
that most steerable antennas over 200 feet 
in diameter are both ineffective and too 
costly. Some antenna installations have 
been estimated at well over $100 million. 


EE 


Radio Receiver Can Pinpoint 
Astronaut’s Landing Location 


A radio receiver which can pinpoint 
the spot where an astronaut has landed 
in a space capsule after orbiting the 
earth has been developed by International 
Felenohone and Telegraph 
(ITT). 


The receiver is used by patrol aircraft 


Corporation 


to pick up signals from a radio trans- 
mitter located in the space capsule. The 
received signals are displayed as a spot of 
light on the face of a small “picture tube” 
on the receiver. The position of the light 
on the tube face indicates whether the 
patrol aircraft is on course and enables 
the pilot to “home in” on the signal. 
Che equipment was developed by the 
ITI Kellogg Space Communications 
Laboratory, Fort Wayne, Ind. a part of 
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A RADIO RECEIVER which can pinpoint the 
spot where an astronaut has landed in a 
space capsule after orbiting the earth has 
been developed by ITT. 


the ITT Kellogg Space Communications 
Systems Division, Chicago, Ill. 

The radio receiver is designed to receive 
various types of signals known technically 
as continuous wave (CW) signals, single- 
pulse signals, and correlated double 
pulses. This versatility makes the equip 
ment more reliable and results in greater 
safety for the astronaut. If one type of 
signal becomes inoperative, 
another may be used to locate the capsule. 


EE 


reception 


Sound Waves Amplified 
By Phonon Maser Effect 


The direct amplification of sound 
waves using microwave radio energy as a 
power source has been demonstrated for 
the first time, by Dr. E. B. Tucker of the 
General Electric Research Laboratory. 
Amplification of the sound waves—called 
phonons—is accomplished by “stimulated 
emission” of energy by atoms as they 
change from a higher to a lower energy 
level. This is the same mechanism used 
in the maser (microwave amplification by 
stimulated emission of radiation) to am- 
plify electromagnetic radiation, and the 
new phenomenon has been termed the 
phonon maser effect. 

According to Dr. Guy Suits, General 
Electric vice-president and director of re- 
search, this is the first time that stimula- 
ted emission has been successfully used to 
amplify energy other than electromagnetic 
energy. Dr. Suits noted that although no 
immediate commercial application of the 
phenomenon is in sight, it provides a sig- 
nificant extension of the principle of 
stimulated emission, and represents an 
advance in understanding of the physics 
of the solid state. The technique may 
also provide a valuable research tool per- 
mitting experimental study of the role of 
phonons in many physical phenomena. 
For example, it may make possible an 
acoustic oscillator for generating sound 
waves of higher frequency than are now 
attainable. 

In both the maser and the new phonon 
maser effect, individual atoms are raised 
to a high energy state by irradiating—or 
“pumping’—them with high-frequency 
electromagnetic energy. Then, when signal 
energy of a lower frequency is introduced, 
stimulated emission of the signal fre- 
quency occurs. Under the proper con- 
ditions, the stimulated emission may be 
strong enough to produce amplification 
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Dr. E. B. Tucker inserts ruby rod into the 
apparatus used to measure interaction be- 
tween sound waves and electromagnetic 
radiation. ‘‘Phonon maser effect,”’ first ob- 
served by Dr. Tucker at the General Electric 
Research Laboratory, permits sound waves to 
be amplified in a way analagous to am- 
plification of electromagnetic radiation by 
masers, 


of the signal. In the maser, the pump, 


signal, and output are all electromagnetic 
energy, whereas in the phonon maser 
effect only the 


the signal and 


pump is electromagnetic 


energy output are both 


mechanical, or sound, energy 

The effect has been demonstrated with 
high frequency (9.5 
kmc) sound in a ruby crystal. Ruby con 
(AL,O.) with chromium 


short pulses of very 


sists of alumina 
ions as an impurity. When it is subjected 
to a magnetic field, the electrons on the 
chromium ions, acting as small magnets, 
tend to line up with the field. Each elec 
tron has four characteristic energy levels, 
corresponding to how closely it lines up 
with the applied field. Most of the elec 
trons are in the lowest energy level, but 
can move to higher energy levels by ab- 
sorbing energy at a certain resonant fre 
by the magnetic 
the characteristics of 


quency, which is set 
field strength and 
the electrons in the crystal. The reverse 
transition, from a high to a low 


level, can be made by emission of energy 


energy 


at the resonant frequency 
There is also interaction between the 
vibrations of the atoms in the crystal 
lattice and the energy states of the elec 
trons, due to the electric fields of the 
lattice. As the 
acting on the 


atoms in the atoms vi 


brate, the electric fields 
electrons vary and this affects their en 
ergy levels. This interaction is what makes 


the phonon maser possible and Dr 
Tucker's work permits it to be 
directly and measured accurately for the 
first time. Dr. Tucker 
measurements in Physical Revieu 
for February 15, 1961 


on phonon amplification appears in the 


observed 


first reported his 
Letters 
and his first report 


May 15 issue. 

Io achieve amplification by the phonon 
maser effect, as in the conventional maser, 
most of the electrons are raised two energy 
levels above the lowest by pumping with 
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electromagnetic energy at a_ frequency 
which causes this transition (23 kme in 
this case). Then, when energy at a lower 
frequency is introduced, stimulated emis 
sion occurs 

The phonon amplification observed by 
Dr. Tucker is about 12% per centimeter 
of ruby. This is probably enough to ove1 
come losses from crystal imperfections and 
deviations of the ends of the crystal from 
pertect flatness and parallelism. To achiey 


high amplification, the waves must be re 


flected back and forth through the crystal 


many times, being amplified a little each 


time. The ends must be flat and parallel 


or the waves reflect unevenly and inte: 


fere with each other The ruby crystal 


is kept at a temperature of about 5 
minimize the 


effects of thermal vibrations. EE 


above absolute zero to 


Radio-Radar Telescope 
Will Probe Solar System 

[he radio-radar telescope with the larg 
est reflector in the world—1,000 feet in di 


ameter—will be ready to probe the fai 
reaches of the solar system by next Feb 
ruary, it was announced by the Cornell 
University scientists who designed and are 
supervising its construction near Arecibo 
Puerto Rico. 

Phe Department of Defense lonospheric 
Research Facility will make it possible to 
study the upper 


atmosphere, the compo 


sition of space and the solar system by 


radar methods, as well as to send and re 
ceive radio signals to and from deep within 
the universe 

Che excavation for the giant radar dish 
has already been dug and the concrete 


and steel pylons that will support the 


feeder system are under construction. A 
permanent, almost 2-mile-long service road 
around the rim of the excavation has been 
completed 

When the pylons are finished, two of 
them will be 265 feet in height and the 
third will be 390 feet high—to make up 
for differences in elevation in the sur 
rounding terrain. 

The bases of the pylons will be octag 


onal in shape and will measure 36 feet 


The excavation for 
what will be the 
world’s largest radio- 
radar 
flector dwarfs the serv- 


telescope’ re- 


ice road cut in adja- 
cent mountainsides. The 
reflector site is almost 
a fifth of a mile wide. 
The natural bowl was 
selected because soil 
near Arecibo, 
porous. The 
telescope, 


Puerto 
Rico, is 
radio-radar 
designed by Cornell 
University scientists, 
will be called the De- 
Defense 
Research 


partment of 
lonospheric 
Facility. 
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in diameter for the large tower and 25 feet 
for the 


shaped in cross section 


small ones Ihe pylons—cross 


measures 26 feet 
in diameter where they rest on bases 


Five 314-inch 


cables from the top of 


each pylon will radiate outward and be 


connected to anchor stays. The cables sup 


port the triangular steel structure 216 tee 


on the side which supports the 304-foot 


feed arm. This arm carries the 96-foot line 
teed 

The reflector mesh will be supported by 
a cable network with 


frequent supports 


and tie-downs to maintain the requires 


shape tolerance of 0.1 toot trom an 


exactly spherical surface 
Radio signals will be 


picked up bv a 


line feed movable on a_ theoretical 


paraxial surface 435 feet in radius and 


extending to a maximum angle of 20 de 
grees each side of the zenith 

The estimated costs are $4.1 million for 
the reflector and feed system, with the 
over-all project cost at about $6.5 million 
sending and re 


much less than similar 


ceiving installations because the Cornell 


designers are placing the reflector in a 
natural bowl for economical construction 
and because the reflector is stationary. The 
telescope is pointed by rotating and trans 
lating the line feed 

Arecibo 


project, the selection of the 


The general conception of the 
observatory 
site, and development of the criteria, are 
the work of Prof. W. I 


Cornell University 


Gordon, project 


Philipp 


Cambridge 


officer for 
Blacksmith of the Ai 
Research Center is project officer for that 


Force 


organization which is monitoring the 
design and construction in behalf of the 
funding organization, the Advanced Re 


ARPA) 


The engineering design and supervision 


search Projects Agency 


is by a joint venture consisting of Von Seb 


Inc., Developmental Engineering Corp 
Severud-Elstad-Kruege1 Associates and 
with IT. C. Kavanagh 


of the latter organization acting as chief 


Praeger-Kavanagh 


engineer 

The design of the 96-foot line feed was 
by Technical Research Group, Inc., and 
is based on a principle worked out by the 
Cambridge Research Center. Access roads 


and buildings associated with the tele 
scope are being constructed by the U. S 


Army Corps of Engineers EE 











Future Meetings of Other Societies 


NSPE, 27th Annual Meeting, July 4-7, 
Olympic Hotel, Seattle, Wash. K. E 
rrombley National Society of Profes 
sional Engineers, 2029 K St N. W 
Washington 6, D. ¢ 


Summer Study Course in Nonlinear Sys- 
tem Analysis, July 10-21, Case Institute 
Technology, Herbert Schultz, Manager 
Programs Same University 

i Ohio 


Western Plant Maintenance & Engineer 
ing Show, July 18-20, Pan Pacific Audit« 
riun Los Angeles, Calif. Same, Western 
Office 9 Monadnock Bldg., San Francis 
co Calit 


Northwest Computing Association, An- 
nual Conference, July 21-22, Vancouver 
B. ¢ Canad Conterence Information 


NCA, Box 83¢ st, Wash 


American Astronautical Society, ith 
Western Regional Meeting, August | 
I Hotel San Franc 
Lockheed Missiles & 


18th Annual Congress of Pure and Ap 
plied Chemistry August 6-12, Montreal 
Oue ( Chairman, Central Com 
” mal Research Council, 
Or 


1962 Conference on Standards and Elec- 

tronic Measurements, August 14-16, Na 

ti Burea f Standards Laboratori 
Di |. M 


Standards’ Lab., 


2nd International Electronic Circuit 
Packaging Symposium, August 16-18 
s % Colorado Boulder Colo 
tinuation Education, Un 
soulder, Colo 
5th International Conference on Co- 
ordination Chemistry, Aug. 21-Sept. | 
Wayne State University, Detroit, Mich 
Prot S K ner Chemistry Dept 
Wayne State University, Detroit 2, Mich 


Western Electronic Show & Convention, 
Au 22 ( Palace, San Francisco 
son, WESCON Mer 1435 
< Los Angeles 35, Calif 


International Heat Transfer Conference, 
28 -Sey 1, University of Colorad 

S. Dennegar, Dir. of 

can Society of Mechani 

29 W. 39th St., New York 


Overseas 


United Nations Conference on New 
Sources of Energy, Aug. 21-31 Rome, 
Italy, A. ¢ Katzin, Executive Secretary 
United Nations Conference on New 
Sources of Energy, United Nations, New 
York, N.Y 


Rassegna Internazionale Elettronica, In- 
dustrial and Commercial Exhibit, Aug 
Scrofa 15, Rome Or 

not United Na 

vovernment Same 


Third International Conference on 
alog Computation, Sept 1-9 selgr 
Yugoslavia Yugoslavia Committee 


ETAN Terazije 23/VII 


gosia\ 


selgrade 


Convention on Impact of Nuclear De- 
velopment on Electricity Supply and In- 
strument Techniques, Sept London 
England Institution of Electrical En 
gineers, Savoy Place, London W. C. 2, 


England. 








NEW BOOKS 


The following new books are among those 
recently received at the Engineering Societies 
Library. Unless otherwise specified, books listed 
have been presented by the publishers. The 
Institute assumes no responsibility for state- 
ments made in the following summaries, infor- 
mation for which is taken from the prefaces 
of the books in question. 


ANALOGUE COMPUTATION, VOLUMES 
2, 3, 4. By Stanley Fifer. McGraw-Hill Book 
Company, Inc 330 W. 42nd St., New York 
6, N. Y., 1961. 4 volumes, 6 by 9% inches, 
bound. $39.50. This 4-volume work has con- 
tinuous page and chapter numbering, with 
the table of contents in Volume | only, and 
indexes in Volume 4 only. It is intended for 
the embryonic and the practicing mathemati- 
cian, physicist, or engineer. Volumes l and 2 
are devoted primarily to the general-purpose 
d-c functional computer, the principal element 
of which is the direct-coupled feedback am 


plifier, and they form a basic course in analog 
computation. The term “functional computer 
denotes that each of its components performs 
one or more distinct mathematical operations 
This is in contrast to the “direct analog com 
puter’ described in volumes 3-4 (intended for 
an advanced course), in which there is gen 
erally a one-to-one correspondence between 
the parameters and the variables of the given 
system and those of the computer mechaniza 
tion 


ANNUAL REVIEW IN AUTOMATIC PRO- 
GRAMMING, VOLUME lI. Edited by Richard 
Goodman. Pergamon Press, 122 E. 55th St., 
New York 22, N. Y., 1960. 300 pages, 6% by 
9% inches, bound. $10. This first volume of 
a proposed series of annual reviews contains 
the 18 papers presented at the Conference on 
Automatic Programming of Digital Computers 
held at Brighton Technical College (England) 
in April 1959. Most of the papers have been 
modified to deal with points made in discus 
sion. Constituting a review of work being 
done in this field, particularly in Britain, the 
papers discuss such topics as future trends, 
sutocades interpretative and translating pre 
grams, special automatic programming §sys- 
tems, and the philosophy of programming 
Also included are the two pioneer papers on 
computable numbers by Dr A. M luring, 
enunciating the fundamental theory on which 
automatic programming is based 


ADAPTIVE CONTROL SYSTEMS. Edited by 
Eli Mishkin and Ludwig Braun, Jr. McGraw- 
Hill Book Co Inc., 330 W 42nd St New 
York 36, N. Y 1961. 533 pages, 64% by 9% 
inches, bound. $16.50. This book is an out- 
growth of an extension course for industry 
prepared by the Electrical Engineering De 
partment of the Polytechnic Institute of 
Brooklyn, The intent is to report broadly on 
recent advances in the general area of feed 
back control systems, with special emphasis on 
adaptive control systems The first chapter 
defines and describes the concept and develop 
ment of adaptive control systems. The remain 
ing chapters are individually authored mono 
graphs organized in groups which deal with 
four aspects of the theory and design of feed 
back control systems: linear systems, nonlinear 
systems, adaptive control systems, and some 
selected topics in systems engineering (digital 
technique, analysis of competitive situations 
decision theory, analysis of queueing systems, 
and multistage processes 


BASIC PRINCIPLES OF FISSION REAC- 
TORS. Interscience Publishers, Inc., 250 Fifth 
Ave., New York 1, N. Y 1961. 314 pages, 6% 
by 9% inches, bound, $7.50. This introduction 
to basic principles assumes a background of 
pltysics, mathematics, and chemistry, but none 
in nuclear technology ind employs a mathe 
matical approach. The first two chapters intro 
duce important ideas in nuclear engineering in 
preparation for the following chapter's dis 
cussion of a nuclear power station Succeeding 
chapters contain a detailed and quantitative 
discussion of the nuclear reactor itself, its 
various types and structural and operative 
aspects, stopping short of detailed design con- 
siderations, Attendant subjects such as radia- 


Of Current Interest 


tion protection, health physics, waste disposal, 
and economic considerations are briefly dis- 
cussed to place the reactor in proper per- 
spective, 


BERECHNUNG ELEKTRISCHER MA- 
SCHINEN. By W. Schuisky. Springer-Verlag, 
Vienna, Austria, 1960. 534 pages, 6% by 9% 
inches, bound. $26.20. In contrast with the 
various modes of operation, the calculation of 
different electric machines has much in com- 
mon. It has therefore been possible to sum- 
marize in this book the underlying principles 
of calculation of electric machinery. Due to 
the growing importance of magnetic materials 
and their application, this area has been given 
considerable space Ihe same can be said of 
the treatment of transients. The calculation of 
losses has been dealt with in detail, and there 
are chapters on heating, on the mechanical 
forces, and on the dimensioning of machines. 


BRITISH NUCLEAR POWER STATIONS. 
By Rolt Hammond. Macdonald and Company 
(Publishers) Ltd., London, England, 1961. 182 
pages, 5’2 by 8% inches, bound. 25s. In the 
first three chapters the author outlines the 
British Nuclear Power program for the next 
20 years, and presents a general discussion of 
the design of nuclear power stations and the 
special problems of nuclear power. The re 
maining chapters give the stories of specific 
British nuclear power stations—Calder Hill, 
Hinkley Point, Berkeley, and Hunterston; dis 
cuss electrical control and switchgear, and 
give accounts of research in thermonuclear 
power, and with the Dounreay Sphere. Co- 
ordination of nuclear and conventional power 
plants to meet the fuel shortage expected 
about 1970 is also discussed 


COMPLEX VARIABLES AND THE LA- 
PLACE TRANSFORM FOR ENGINEERS. 
By W R. LePage. McGraw-Hill Book Co., 
Inc., 330 W. 42nd St New York 36, N. Y., 
1961 175 pages, 644 by 9% inches, bound 
$12.50. This graduate-level text has been writ- 
ten by the Chairman of the Department of 
Electrical Engineering of Syracuse University 
to provide an understanding of the theory of 
Fourier and Laplace transforms, and of the 
basic theory of functions of a complex vari 
able. No prior knowledge other than a good 
grounding in calculus is necessary. The text 
is divided roughly in two parts: Chapters 1 
through 8 deal with functions of a complex 
variable, and 9 through 16 with the Fourier 
and Laplace transform _ theories Separate 
chapters are devoted to such topics as con- 
formal mapping, integration, infinite series, 
multivalued functions, real integrals, convo- 
lution theorems, impulse and periodical func- 
tions, and the Z transform. The treatment 
progresses gradually from an elementary level 
to a relatively high degree of sophistication 


ELECTRO-EROSION MACHINING OF 
METALS. By A. I Livshits. Butterworths, 
Inc., 7235 Wisconsin Ave., Washington 14 
D. C., 1960. 115 pages, 5% by 8% inches, 
bound. $5.75. This is a translation of a 1957 
Russian work describing the state of the art 
of electrical machining of metals Emphasis is 
given the electropulse method, and other then 
new developments. Ways of improving electro 
erosion machines are described and _ possible 
further developments of electromachining of 
metals are reviewed. After a general introduc 
tion, the five chapters discuss the physical 
conditions for cutting by the electro-erosion 
process, the generation of current pulses, auto 
matic control and electrotechnological charac 
teristics of the process, and machine tools for 
dimensional electro-erosion machining. 


ELECTROMAGNETIC STRUCTURE OF 
NUCLEONS. By S. D. Drell and F. Zacharia 
sen. Oxford University Press, 417 Fifth Ave., 
New York 16, N. ¥ 1961. 111 pages, 54 by 
82 inches, paper. $2. This monograph pro 
vides a critical review and analysis of recent 
studies of the electromagnetic structure of 
nucleons. The first chapter is devoted to a 
precise definition of what is meant by the 
electromagnetic form factors. The various ex 
periments which have given information on 
form factors are discussed in Chapter 2, 
emphasizing theoretical assumptions and ap- 
proximations made in analyzing the experi- 
mental numbers in terms of form factors 
Chapter 3 is devoted to the recent dispersion 
theoretic analyses of the form factors. In 
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Chapter 4 the validity of quantum electro 
dynamics is discussed, and it is shown how 
possible deviations in this theory alter the 
nucleon form factor analyses. 


ELEKTROTHERMIE. Edited by M. Pirani 
Second edition. Springer-Verlag, Berlin, Ger 
many, 1960 51 pages, 642 by 9% inche 
bound. DM 61.50. This book consists of papers 
of 10 authors dealing with the electrical pro 
duction and engineering applications of higl 
temperatures, mostly over 1,000 ¢ The manu 
facture of steel, aluminum, copper molyb 
denum, tungsten, as well as that of the 
semiconductors—germanium, silicon, graphite 
etc., is discussed. Other topics covered are 
refining of hydrocarbons, the mass production 
of spare parts from pressed and sintered 
powders, the design and construction of elec 
tric furnaces. The last chapter discusses new 
laboratory methods for the research engineer 


ESSENTIALS OF DIELECTROMAGNETIC 
ENGINEERING. By H. M. Schlicke John 
Wiley and Sons, Inc., 440 Fourth Ave., New 
York 16, N Y., 1961. 242 pages, 6 by 9% 
inches, bound. $9.50. This book is written for 
the inquisitive electronic engineer and the 
advanced engineering student looking for facts 
about the possibilities and limits inherent in 
magnetically soft ferrites and high-permittivity 
dielectrics. Chapter I examines relations in 
electric, magnetic, and electromagnetic field 
in materials with large but constant material 
parameters—a theoretical investigation and re 
view of idealized dielectromagnetics. Chapter II 
discusses underlying physical principles, and 
then describes the frequency, amplitude, and 
temperature dependencies of ferrites and high 
permittivity dielectrics thus demonstrating 
how much actual dielectromagnetic ceramics 
deviate from the simplifying assumptions made 
in the first chapter. The last three chapters are 
concerned with application principles of di 
electromagnetics—lumped reactive circuit ele- 
ments in conventional and unconventional uses 
elimination and_ utilization of macroscopic 
electromagnetic resonance phenomena and 
selected classes of unique applications such as 
nonlinearity, nonreciprocity, and utilization of 
losses. 


FLUORESCENT LIGHTING MANUAL, By 
C. L. Amick. Third edition. McGraw-Hill Book 
Co., Inc., 330 W 42nd St., New York 36, 
N. Y., 1960. 400 pages, 6'4 by 9 inches 
bound, $12.50. This new edition of the Manual 
attempts to indicate all the significant advances 
in fluorescent lamps, auxiliaries, applications 
and performance in service since the second 
edition was published in 1947. The principal 
original purpose of the manual has been re 
tained: to provide a ready and practical refer 
ence source giving the various types of 
information needed to design, sell, install, and 
service fluorescent lighting systems 


DER FREILEITUNGSBAL By Hermann 
Rieger. Springer-Verlag, Berlin, Germany, 1960 
3 pages, 642 by 9% inches, bound. DM 45 
A comprehensive 
engineering of high-voltage, overhead trans 
mission lines Ihe entire field is covered 
surveying and planning, materials for cables 
insulators and other accessories, grounding, 
tower design, foundations, and the complet 
erection process Though based largely on 
German standards, some reference is made to 
standards and practices of other countries. 


practical book on the 


FUNDAMENTALS OF ELECTRICITY. By 
C. C, Bishop. Chilton Company—Book Divi 
sion, Philadelphia 39, Pa 1960. 230 pages 
64% by 9% inches, bound. $6.95. Based on 
review courses for industrial personnel con 
ducted by the author over a period of Il years 
this book opens with a brief review of the 
work of those early investigators in the field 
whose names have been preserved in the 
nomenclature, the particle theory of electricity, 
and early ideas of the atom. Methods of gen 
erating electricity are then described, with 
practical design formulas and worked illustra 
tive problems included. The discussion then 
deals with a-c and d-c theory and apparatus 
One chapter is devoted to conduction through 
liquids, and the material on electronics in 
cludes such topics as_ electron mechanics, 
current flow by electron emission, tubes, 
rectification, amplification, X rays, oscillators, 
wave-shaping devices, phase inverter and junc- 
tion transistors. 
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LEHRBUCH DER HOCHFREQUENZTECH- 
NIK, Volume I. By Fritz Vilbig. Fifth edition 
Akademische Verlagsgesellschaft Geest und 
Portig K.-G Leipzig, Germany, 1960. 949 
pages, 64% by 9% inches, bound. DM 48. This 
first volume of a comprehensive treatise on 
high-frequency technique, begins with a pres 
entation of fundamentals—resistors and insu 
lators, Capacity, inductance, etc.—and _ foll« 
with a discussion of the electrical processes in 
quasi-stationary circuits. There are chapters or 
wave propagation, on antennas, and on radio 
nterference. The final section deals with hot 
cathode tubes and with their practical installa 
tion. There is an extensive subject index 


MAGNETIC MATERIALS IN THE ELEC 
FRICAL INDUSTRY. ae R Bardell 
Second edition. Macdonald and Co Publish 
ers) Ltd., London, England, 1960. 320 pages 
5344 by 8% inches, bound. 32s 6d. Intended 

bridge the gap between an academic stud 

the properties of magnetic materials and 

limited treatment of the subject possibl 
1 most textbooks for engineers, and to link 
the properties of materials with their applica 
tions this book will be helpful to senior 
tudents in physics and electrical engineering 
and to physicists and engineers in industry 
Following explanations of magnetic terminol 
ogy and units, and a discussion of the influence 
ot magnetic theory on the development ot 
materials, the author discusses the historical 
development application and testing of per 
manent magnets and of soft magnetic mate 
rials, and describes special devices such as 
sound-recorders, nondestructive testers, trans 
ductors, and transducers Selection ot new 
material for this edition has been made to 
indicate salient trends rather than attempting 





Library Services 


ENGINEERING Societies Library books 
except bibliographies 
other reference publications, may be bor- 
rowed by mail by AIEE members for a 
small handling charge. The Library also 
prepares bibliographies, maintains search 
and translation services, and can supply 
1 photoprint or a microfilm copy of any 
tem in its collection. Address inquiries 
to R. H. Phelps, Director, Engineering 
Societies Library, 29 W. 39 St., New 
York 18, N. Y 


handbooks, and 











to catalog the tremendous recent advances 


both theory and practice 


MATERIALS FOR NUCLEAR ENGINEERS 
Edited by A. B. McIntosh and 1 J. Heal 
Interscience Publishers, In« 250 Fifth Ave 
New York 1, N. Y., 1960. 373 pages, 5 by 
8% inches, bound. $11.85. The introductory 
chapter discusses the use by nuclear engineers 
of data on the properties of materials. Suc 
ceeding chapters concentrate on the behavior 
and properties of uranium, thorium, pluton 
ium ceramic fuels graphite, 
bervilium and zirconium. The authors of 

individual chapters are members of the 

of the United Kingdom Atomic Energy 

thority, primarily concerned with the study 
and selection of materials. A standard frame- 
work has been adopted for the individual 


magnesium 


chapters, with some minor variations I he 
aim of the book is to provide the best available 
data and a sufficient discussion of the theoreti 
cal background to enable the reader to get 
a feel for the characteristics of the materials 
and a knowledge of the extent to which inter 
polation and extrapolation can sensibly be 
used to avoid further research and develop 
ment studies 


MATHEMATICAL HANDBOOK FOR SCI- 
ENTISTS AND ENGINEERS. By G. A. Korn 
and T. M. Korn. McGraw-Hill Book Co., Inc 
330 W. 42nd St., New York 36, N. Y., 1961 
943 pages, 644 by 9% inches, bound. $20 
This is a comprehensive reference collection of 
mathematical definitions, theorems, and _ for- 
mulas for scientists, engineers and students, 
including both undergraduate and graduate 
level material. Proofs are omitted, and related 
formulas are presented in concise tables, en- 


Of Current Interest 


ibling treatment and a special arrangement of 
topics. This special arrangement, within each 
chapter, is such that a terse, connected review 
of each subject is accomplished. Numerous 
references also are given to provide access to 
other material for more detailed studies. Six 
appendixes contain numerical tables, tables of 


ntegrals and Fourier expansions, and other 


ich useful data 


MODERN PHYSICS FOR THE ENGINEER 
Edited by L. N. Ridenour and W. A. Nieren 
verg. McGraw-Hill Book Co., Inc 330 West 
12nd St., New York 36, N. Y 1961. 383 pages 
64% by 9% inches, bound $9.50.. Volume 

in the University of California Engineer- 
ng Extension Series designed to give en 
yineers a brief account of recent developments 
lectures given 


n physics, this book contains 15 

luring the academic vear 1957-58 at irious 
institutions in California he lectures 

been arranged into three topical sections 

l Ihe Laws of Nature 
| 


contains eight 


elg 
lealing with new particles, nuclear shell 


tures ¢ 
structures, electron scattering, electrons and 
uclei in ideal crystals, liquid helium, super 
conductivity, and magnetohvdrodynamic waves 
I Man’s Physical Environment pre 
sents three lectures discussing the origin of 
nuclear species by means ot nuclear reactions 
in stars, radio astronomy, and the origin of 
the earth’s magnetic field. The four lectures 
n the final part of the book Technology,” 

controlled thermonuclear fusion, nu 

actors, particles accelerators, and the 


frontiers of aerodynamic research 


MODERN MATHEMATICS FOR THE EN 
GINEER. Edited by Ff F. Beckenbach. Mc 
Graw-Hill Co., Inc 330 W 42nd St New 
York 36, N. Y., 1961 456 pages, 6% by 9% 
nches, bound. $9.5 Volume two in the 
University of California Engineering Extension 
Series designed to give engineers a brief ac 
count of recent developments in mathematics 
this book contains 16 lectures given during the 
icademic vear 1958-59 at various institutions in 
California They have been arranged into 
three topical groups. Part | Mathematical 
Methods contains five lectures dealing with 
Delta functions operational 
methods for separable differential equations 


distributions 


ntegral transforms, semigroup methods in the 
theorv of partial differential equations nd 
> 


asymptotic formulas and series. Part 2 Sta 
tistical and Scheduling Studies presents five 
lectures discussing chance processes and fluctua 
tions, information theory the mathematical 
theory of control processes, formulating and 
solving linear programs, and the mathemati il 
theory of inventory processes. The six lectures 
in the final section of the book Physical 
Phenomena,” examine Monte Carlo calcula 
tions, difference and functional equations in 
transmission line theory, characteristic-value 
problems in hydrodynamics, partial differential 
equations in fluid mechanics, the numerical 
solution of elliptic and parabolic partial differ 
ential equations, and circle sphere and other 


classical problems 


LA MODULATION DE FREQUENCE. By 
Jean Marcus. Editions Evrolles, Paris, France 
1960. 317 pages, 64 bv 9% inches, bound 
NF 43.65. This is a study of the theory of 
frequency modulation, and a guide to practical 
applications, useful (if one reads French) to 
instructors practicing and student engineers 
ind technicians, concerned with radioelectric 
itv. Beginning with a discussion of funda 
mental principles, the author then deals with 
the production and detection of frequency 
modulated waves. He then discusses noise, and 
the problems of multiple message point-to 
point communication The final 


describe examples of proposed future industrial 


chapters 
ipplications 


PHYSICS OF SEMICONDUCTORS. By A. I 

loffe. Academic Press, Inc., I1l Fifth Ave 

New York 3, N. ¥ 1960. 436 pages, 614 by 
9% inches, bound. $12.50. This is a transla- 
tion of the 1957 Russian work by the Director 
of the Institute of Semiconductors (USSR). Its 
theoretical base was provided by the quantum 
theory of solids in the form adopted in the 
theory of metals by Sommerfeld, Bloch, and 
Peierls. The study deals with relevant aspects 
of solid electrolytes and metals first, and then 
gives a general survey of electronic semicon 
ductors. Then the fundamentals of the quan 
tum theory of semiconductors are described, 
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followed by chapters on physical phenomena in 


semiconductors ame nethods of measuring 
their scale basic properties. The final chapter 
is a survey of the various semiconducting ma 
terials, their classification, and study of their 


particular qualifications 


THE RADIO AMATEUR’S HANDBOOK, 
1961 Sth Edition I he American Radio 
Relay League, West Hartford 7, Conn 1961 
Various pagings, 6 by 9 inches, pay 

$3.50. This annually revised handbook by and 


imateurs treats 


idio problems in terms ot 
do rather than by abstract discus- 
Its t s to present the soundest 
current practice rather 
the nerel ey and novel It oe 
compendium Es nical and trade informa 
on useful oncerned with radio and 
application 


TIME-HARMONIC ELECTROMAGNETIC 
FIELDS. By R. F. Harrington. McGraw-Hill 
Book Co < 0 W. 42nd St., New York 36 
N. ¥ l I 180 pages, 644 by 9% inches 
bound 13.50. Written as a graduate-level text 
he main purpose of this book is to present 
mathematical tect niques for handling electro 
magnetic engineer problems To this end 
he material is according to similarity 
of technique according to relevant 

retical to the extent 
that theoren proved and formulas de 


the book 


electronic de 


contains illustrative prac 
examples ne-harmonic is used in 
title te ne t that only sinusoidally 

ng fields are considered. The mathe 

techniques discussed include wave 
ons—plane, cylindrical, and spherical— 
perturbational and variational techniques 
final chapter is devoted to microwave 
orks 


TECHNICAL LITERATURE 


The following recently issued nical litera- 
ture may be of interest to readers of Electrical 
Engineering. All inquiries should be addressed 
to the issuers 


CORRECTED OPTICAI PYROMETER 
READING National Bureau of Standards 
yh 30, by D. E. Poland, J. W. Green 

Mare r [his book of tables en 

use! to convert observed 

ately to true temperature 

tv of the material being 

Conversely, the table can 

the effective emissivity if 

known, by comparing 
the pyvrometer reading 
been calculated for 
1.02 to 0.98: observed 
from 1,000 to 39.900 
ge booklet is avail 
ntendent of Documents 
ernment Printing Office, 


INFORMATION NOTES, 
Published by the Na 


SCIENTIFIC 

olume Numbe 
tional Scien Founda (NSI this booklet 
nt and future ac 


\ 


Information n 
conferences here and 

| development projects sup 
ence information activities 
ition notes. The 23-page 
om the Superintendent 
States Government 


C., for 25¢. 


PROCEEDINGS OF rHE 1961 ELEC 
TRONIC COMPONENTS CONFERENCE. 
This book cove sessions on Transistors and 
Solid-State Device Progress in Component 
Reliabilits High-Voltage 


Microwave omponents 


Components 
Components, Re 
Microminiaturi 
zatio Space Components, Materials and Re 
lated Devices Included in the 540-page book 
are 38 papers. It is available from Order De 
partment, American Institute of Electrical En 
gineers, Engineering Societies Building, 33 W. 
Oth St.. New York 18, N. Y., for $9 


and Capacitors and 
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COMPONENTS HANDBOOK. This hand 
book gives information on electromechanical 
and electric switching devices and components 
Ihe book is divided into six sections, and in 
cludes relay and switch theory and terminol- 
ogy, switching and control circuits, and reter- 
ence, application and technical data. The sec 
tion on reference information presents common 
circuit symbols and contact forms, showing 
both the schematic symbol and the circuit sym 
bol. Product specifications are given for elec 
tronic components of the publishing company 
Ihe handbook is available at $1 from the 
Manager, Component Products, Electronetics 
Division, North Electric Co., Galion, Ohio 


FERRITE STANDARDS No. 2/-6! This 
standard gives preferred dimensional specifica 
tions for small ferrite electronic cores. It de- 
fines the common terms that apply to magnetic 
cores of ferrite, and lists preferred standard 
dimensions and dimensioning practices for 
plain and hollow cores; threaded, sleeve, to 
roidal, antenna and cup cores; cores with in 
serts, and coil forms. Copies of the standard 
may be obtained from the Ferrite Manufactur 
ers Association, 60 E. 42nd St., New York 17 
N. Y., for 50¢ each 


FACT SHEETS ON UNITED STATES 
NUCLEAR POWER PROJECTS. These fact 
sheets have been made available in a revised 
form by the Electric Companies Public In- 
formation Program. This edition represents a 
complete revision of the fact sheets issued June 
1960, and includes all nuclear power projects 
in the United States. The projects are classified 
by reactor types, and notes are given on Clas 
sification of reactors and on each type. The 
facts given on each project include the owner 
estimated costs, fuel 
charges, information officers, and other perti 
nent data. Copies of the 52-page booklet are 
available from Bozell and Jacobs, Inc 230 
Park Ave New York 17, N. Y., for $1 each 


contractors, operators 


OPTIMUM USE OF ENGINEERING 
TALENT. Thirty-one executives have con 
tributed to this volume, which attempts to 
analyze the problems of managing technical 
personnel. The book notes that engineers have 
developed a cynical attitude toward their 
employers as a result of management's tendency 
to treat them as “a commodity which is peri 
odically in short supply or oversupply.” One 
purpose of the book is to show how these atti 
tudes can be avoided or changed. Among the 
topics covered in detail are methods of recruit 
ing engineers, financial compensation, and pro 
development training programs. 
Priced at $6 to AMA members and $9 to non 
members, this 416-page volume is available 
from the American Management Association, 
1515 Broadway, New York 36, N. Y 


fessional 


SAFETY GUIDE. SG-9 is the designation of 
a safety guide on disposal of hazardous indus 
trial wastes The pamphlet outlines recom 
mended safe practices and procedures for dis 
posal of flammable liquids, toxic and corrosive 
materials, and other substances which may cre 
ate problems of air or stream pollution. Rec 
ommendations at made for organization of 
plant personnel responsible for disposing of 
wastes, as well as several methods of disposal 
SG-9 is available from the Manufacturing 
Chemists Association, Inc., 1825 Connecticut 
Ave N.W Washington 9, D. ¢ for 20¢ 


RCA REVIEW, Volume XXII, No. 1. This 
publication contains I3 papers on electric 
energy conversion by the new and direct meth 
ods that have been developed during the past 
20 years. The papers deal with such subjects as 
the direct conversion of heat to electromagnetic 
energy; spectral response of photovoltaic cells; 
and plasma synthesis and its application to 
thermionic power conversion among others 
Ihe book is available from the RCA Review, 
Radio Corporation of America Laboratories, 
Princeton, N. | 7 


and is priced at 75¢ 


TRANSFORMERS. This is the title of 
Volume 37 in the electronic technology series 
The volume is edited by Dr. Alexander Schure 
and is intended to give technicians and stu 
dents a working knowledge of transformers 
ransformer theory is analyzed as it is used in 
electronic equipment, with mathematical ex 
amples. Beginning with a discussion of the 
basic magnetic principles of the transformer, 
the book progresses to transformer design and 


Of Current Interest 


construction, In this connection various specific 
subjects such as waveforms, are discussed 
Power transformers are studied in detail, and 
audio transformers are covered, with emphasis 
on such important topics as transistor trans- 
formers. High-frequency transformers and sev- 
eral special devices are also treated. Priced at 
$2, the book is available from John F. Rider 
Publisher, Inc., 116 W. 14th St., New York, 
N. ¥ 


ASM REVIEW OF METAL LITERATURE, 
Volume 17. This review contains more than 
11,000 annotations of articles, technical papers, 
reports and documents which were published 
in scientific, engineering, and industrial 
journals and books throughout the world dur 
ing 1960. Edited by Marjorie R. Hyslop, the 
book is divided into 20 sections covering dif- 
ferent areas of materials and process engineer 
ing and technology, and includes addresses of 
publications as well as subject and author in- 
dexes. The 1,342-page book is priced at $25, 
and is available from the American Society for 
Metals, Metals Park, Novelty, Ohio. 


STANDARDS OF THE ALUMINA CE- 
RAMIC MANUFACTURERS ASSOCIATION. 
This book of standards is of interest to those 
concerned with new uses and advances in the 
application of ceramic materials in the fields 
of nucleonics, electronics, high-temperature 
uses, etc. Much of the material in this booklet 
is being published for the first time. Included 
are special sections on test methods, design 
fundamentals, and quality assurance standards, 
among others. Priced at $1, the Standards is 
available from the Alumina Ceramic Manufac- 
turers Association, 53 Park Place, New York 7, 
N. ¥ 


OTS REPORTS. The following reports have 
been made available to the public by the Of- 
fice of Technical Services. Model 16 Automatic 
Blood Pressure Measuring Instrument. The Ait 
Force has developed a device which automati- 
cally monitors blood pressure and provides an 
electrical signal which can be recorded or tele- 
metered. Its unique feature is the use of 
transistor logic for performing the program 
functions. Order No. PB 161 707, 51 pages, 
$1.50. Ceramic Tubes Developed for External 
Heat Sources. The problems of developing an 
electron tube structure capable of sustained 
operation by means of an external radioisotope 
heat source are discussed. Adaptation of exist- 
ing structures and heat sources for demonstra- 
tion are reported, and suggestions are made 
for a practical tube. Order No. PB 171, 492, 
43 pages, $125. Methods of Measuring Emit 
tance. Methods and equipment used in emit- 
tance measurement are described in this study 
of the radiant-heat transfer field A general 
survey of the better-known methods is given, 
and references are given for those seeking more 
detailed information. Order No. PB 161] 228, 
22 pages 50¢. Refractory Metals in Europe 
The results of a study of research, production, 
and uses of refractory metals in Europe, in- 
cluding Russia, are given. Order No. PB 161 
223, 6 pages, 50¢ Compliant Electrodes for Di 
electric Measurements. Compliant electrodes, 
developed in an Army research program to 
give improved: surface contact in measuring 
dielectric properties, show more reproducible 
results than conventional metal electrodes, Or- 
der No. PB 161, 15 pages, 50¢. Synthesis 
and Purification of Dielectric Materials. This 
Air Force report recounts the second year of 
progress in a research program aimed at de 
veloping a nonconducting material suitable for 
electrical insulation. Order No. PB 171 364, 77 
pages, $2. OTS, Il S. Department of Com- 
merce, Washington 25, D. ¢ 


INSTANT TWO-WAY CONVERSION 
TABLE. This table was designed to permit a 
quick, accurate conversion from inches to mil 
limeters and vice-versa. It should prove useful 
© engineers concerned with the increasing ex 
change of material between countries which 
use different units of measure. Measurements 
are given from 0.001 inch to 10 inches in in 
crements of 0.001 inch, with corresponding 
values in millimeters The International 
Inch” is used as a factor, and an explanation 
for interpolation to 0.0001 inch and 0.01 mil- 
limeter are given. By decimal manipulation, 
the table may also be used for conversions 
from | to 10 inches and from 254 to 2,540 
millimeters. It is available from E. Joe Penn, 
4910 Carson Ave., Indianapolis 10, Ind., for $1. 
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WAVEFORM: COMPARISON a 


DUAL-BEAM 
OSCILLOSCOPE 


with Sweep Delay 





Independent 
X and Y Deflection 


DC-to-30 MC, 
12-nanosecond risetime 
with fast-rise plug-in units 


Photographed at Bonneville Power Administration, Portland, Oregon. 
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Adaptable Vé aI Systen ot plug-in pre- + pa, sopretteat te 
AM pT ; cl om = 


Type 555 (without preamplifiers) . 


Tektronix, INC. °. 0. Box 500- BEAVERTON, OREGON / Mitchell 4-0161 - TWX-BEAV 311 - Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: / ercue, N: Men,.» Atlanta, Ge.» Gaitimore (Towser) Md. « Sisster (Lexington) Mase. « Gills 
Denver, « Detroit athrup Village) M ¢ Endicott (Endwell) N + Gree ro, N eH t Tex * Indianap: ind 
E ¢ West | Ange *M ear M « Montreal, Quebe anada « New York ty Are Albert N.Y. ¢ Stamford % ' 
Poughkeepsie, N.Y. « San Dieg alif. © an Fra alif. Area fayette ilo Ait + St. Petersburg, Fla. + Syra e, N.Y. « T to (W wdale 
TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electr dortiand, Oregon * Seattle, Washingt 


In Europe please contact Tektronix International A.G Terrassenweg 1A, Zug, Switzerland, Phone (042) 4-91-92, for the address of the Tektronix Represen 
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KERITE? Certainly we are in 
favor of using it. It has saved us 
thousands of dollars over the years 
by preventing service failures and 
all the problems that can come from 
them. In their specialized fields The 
Kerite Company has pioneered more 
cable designs than anyone else and 
has in fact influenced the tech- 
niques of the entire wire and cable 
industry. We need them and they 
deserve our support. Furthermore 
they stand back of their product no 
matter what the circumstances, 











. 
THE KERITE CO., 30 CHURCH ST., NEW YORK 7, N. Y¥. DESIGNE 
AND CABLE, SPLICING TAPE, RUBBER CEMENT. AGENTS IN P 


AND MANUFACTURERS OF PREMIUM GRADE INSULATED RE 
PAL CITIES. A MEMBER OF RAILWAY PROGRESS INST 























New York 


8 West 40th St 


Societies Personnel Service, Inc. This 


cieties of Civil, Chemical, 
chanical and Mining, 
Petroleum Engineers, is available 
engineers, members or non-members 
is run on a nonprofit basis 

If you are interested in any of 
listings, and are not registered, 


t A weekly bulletin of engineering 





Chicago 


These items are listings of the Engineering 


ice, which cooperates with the national so- 
Electrical, 
Metallurgical 
to all to 


you may 
apply by letter or resume and mail to the 
office nearest your place of residence, 


ENGINEERING SOCIETIES 
PERSONNEL SERVICE, INC. 


(Agency) 


San Francisco 


the understanding that should you secure 
@ position as a result of these listings you 
will pay the regular placement fee. Upon 
receipt of your application a copy of our 
placement fee agreement, which you agree 
sign and return immediately, will be 
mailed to you by our office. In. sending ap- 
plications be sure to list the key and job 
number. 

When making application for a position 
include eight cents in stamp for forward- 
ing application 


Serv- 


Me- 
and 


and 


these 


with 


positions open is available at a subscription 


rate of $4.50 per quarter or $14 per annum, payable in advance 








MEN AVAILABLE 


New York Office 
ELECTRICAI ENGINEER 
tered P.E., N.Y.S. 14 years 
design and manufacture of 
boards and switchgear equipments 
U.S. manufacture including 
years as general manager of 
gear assembly plant in Latin 
locate. E-254 


B.S.E.I Regis 
broad experience in 
switchboards, panel 
with leading 
and a half 
switch- 
Will re 


one 
company s 
America 


CONSTRUCTION 
FIELD ENGINEER 


SUPERINTENDENT OR 

ELECTRICAL, B.S.E.E 
University of Michigan, Thirty years’ experience 
design, construction powel! plant transmission 
lines, substations and distribution systems. For 
eign and Domestic. Salary open. Location open. 


E-255 


SALES MANAGER OR ENGINEER, B.E.E., 34 
Eight years’ industrial sales and sales oriented 
positions—established foreign plant, sales and 
service staffs for European representatives. Loca- 
tion, Prefer New York City. E-256 


Chicago Office 

DIVISION GENERAL MANAGER, GENERAI 
SALES MANAGER, MANAGER OF PRODUCT 
PLANNING, B.S.E.E. plus Business Administra 
tion; 45, Recently general sales manager com 
mercial refrigerators; three years’ manager of 
program development for research organization; 
nine years’ engineering manager for a manufac 
turer of electrical equipment and nine 
manager of product sales of meter and 
ments division of large manutacturer 
$18,500. Location, West, Midwest, East. F 


years 
instru 
Salary, 


2203 


Chicago. 


GENERAL MANAGEMENT OR PROGRAM 
MANAGEMENT, B.S.E.E., M.B.A.; 35. Nine 
years’ of progressively increasing responsibility 
in military aerospace systems including program 
management, long range planning, engi- 
neering design and staff work. Programs $5 to 
$150 million/year. Three years’ related experi 
ence. Salary, $25,000. Any location acceptable 
E-2202-Chicago 


sales, 


ELECTRICAL ENGINEER (Power), B.S.E.F 

25. Experience in public utility system opera 
tions and dispatching; maintenance of electrical 
and mechanical equipment. Salary, $6500, Loca- 
tion, open. E-2201-Chicago 

ENGINEERING MANAGER, B.S.E.F 55 
gineering manager R & D synchronous flux mo 
tors and generators Factory manufacturer mo 
Ch.EE, motors development and design en 
gineering, patents and technical articles. Salary 
open. Location, U.S.A. E-2200-Chicago 


En 


tors 


B.S.E.1 


design, o1 


Regis 


design 


ELECTRICAI ENGINEER 
tered P.E., 46. 20 years’ in 


Jury 1961 


supervision of electrical utility generating, trans 
mission and distribution facilities and chemical 
plants; including preparation of 
mates and specifications. Salary open. Location, 
Midwest. E-2199-Chicago 


process est 


San Francisco Office 


MANAGER, ASSISTANT ENGINEER, EE, age 
39. Ten years’ experience design, development 
of motors fractional to 2000 AC and DC. Prefer 
any location. Home: California. $13,000. Se-1890 


SUPERVISOR, PHYSICS AND MATHEMAT 
ICS, age 46. Over two years’ experience in the 
development, modification and application of re 
actor nuclear instrumentation Seven years in 
applied research of dielectric phenomenon and 
the application of radioactive materials to indus 
trial uses. Eight years’ in development modifica 
tion and application of electrical instruments for 
measuring electrical and magnetic parameters of 
and transformers. Prefer any location 
Idaho. $13,500. Se-1167 


motors 
Home 


CONTACT ENGINEER, ELECTRICAL ENGI 
NEER, degree, age 44. Diversified experience in 
power design and _ utilities, field negotiation 
Good address, fluent French, German. Refer 
Seeks position as Contact Engineer, repre 
sentative for West Coast, East Coast or foreign 
assignment. Se-717 


ences 


TRAINEF 
rRONICS 
tenance 
Francisco 
Se-181 


FECHNICIAN, PHYSICS, ELEC 

Recent graduate with main 
electronics. Prefer San 

Home: California. $500 


age 28 
experience in 
Bay Area 


OPERATIONS 
ENGINEER, EF 
and emergency 
transmitters 
week. Se 


SALESMAN, 
age 26. Ove1 
maintenance of 
Prefer West 
169 


APPLICATIONS 
two years s oper 
SKW and 


Coast. Home 


ation 
75KW 
California. $125 
ENGINEER 
thirty 
executive and 
bution equipment 
neer transformer plant 
fornia. Home 


Registered engineer 
Engineering design manufacturing 
sales in electric and distri 
Last five chief engi 
Salary open. Prefer Cali 
California. AIEE, NSPE. Se-165 


professional 

years 
power! 

years 


electrical, age 27 


with | 


SALES ENGINEER 
years’ sales experience 
industrials, contractors, engineers 
selling electrical 

machinery 
Prefer San 
California. $600 


Over two 
sales record to 
ind = electrical 
cable cranes 
materials, handling 
Francisco Bay Area 
up. Se-128 


LOOt 


distributors 
and hoisting 
equipment 

Home 


wire 


MANUFACTURER'S REPRESENTATIVE 
istered professional engineer in California 
ground thirty years’ engineering 
executive, sales, electric 
equipment in Western United States. Wide util 
ity acquaintance. Will cover territory, select and 
supervise agents and provide technical sales in 
Home: California. Se-165 


reg 
Back 
manufacturing 
power and distribution 


struction 
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PRODUCTION ENGINEER, EE, age 36. Four 
years experience preparing production layout for 
work first two mostly mechanical 
then electrical. Three final 
lines dealing with radio and electronics 
circuit layout of toll 
Home Canada 


shop years 


years experience on 
issem bly 
Four years’ experience in 
Prefer 


1507 


circuits any location 


S600. Se 


INSTRUMENT electri 
cal, age 44. Ten 
ipplication and installation of 


instruments 


SYSTEMS ENGINEER 
with design, 
industrial and 
experi 
Prefer San 
S$L100 


vears experience 


nuclear Seven vears’ naval 


radar 
Calitornia 


communications and 


ence with 
Francisco 


Se-1412 


Penninsula 


FIELD 
perienced in design of switchgear 
controls, quality erection engineer 
forms electrical 
up and operate 
gineering 
Home: California 


SERVICES ENGINEER, EE, age 49. Ex 
circuit break 
all 
engineet! set 
held en 
location. 


ers for 
machinery 


acceptance 


project 

tests, suggest 

assignments Prefer any 
$10,000. Se-1327 


ENGINEER, 


includ 


FIELD APPLICATION PI 
EE age 28. Over three 
ing research and development on electrical con 
trol, field work on percipitators and plant engi 
(automation of spot welding equipment, 

and light 
Home: Cali 


ANI 


years experience 


neering 
lavout of 
work Prefer 


fornia. $575. Se 


equipment some 
Northern 


1340 


powel! 
California 


DESIGN RESEARCH DEVELOPMENT ENGI- 
NEER, EE, 54. Thirty experience in 
development application, production 
manageme nt and engineering manage ment in 
manufacture of A-C and D-C rotation machinery 
and its allied control equipment. Prefer United 
States. Home: California. $20,000. Se-1626 


age years 


design 


SALES MANAGER, EE Eleven years 
experience as district representative in charge of 
territory supervised activities of engineers, some 
sales contact in construction machinery. Prefer 
West ¢ Home: California. Se-1561 


age 34 


oOast 


POSITIONS AVAILABLE 


New York Office 


PROJECT ENGINEERS, B.E.E. or B.S. in 
Physics, advanced degree desirable, with a mini 
mum of seven years’ experience in research, 
design and development of UHF and VHF sys- 
tems. Wideband background particularly desired. 
Supervisory ability, capable of preparing esti- 
mates tor new projects customer liaison, etc. 
Salary, to $14,560. Company pays placement fees 
and New York suburban 
area 


interview 


w43s 


expenses 


SENIOR 


struments 


ENGINEER, Special Laboratory In 
minimum of B.S. in E.E. or Physics, 
advanced degree preferred, plus five years’ de 
signing and building electro-optical scientific 
laboratory instruments. Requires keen technical 
understanding plus a practical ability to produce 
Salary, $10-$14,000. Relocation ex 
paid Connecticut 


hardware 


penses may fee 


W436(b) 


negotiate 


RESEARCH OR RESEARCH EN 
GINEER, B.S. or M.S. in Physics or Electrical 
Engineering, with none to five experience 
in research and development, preferably in in 
strumentation ind 
Duties as with particular 
physical 
and =to 


PHYSICIST 


vears 


electronics control systems 
reference to the 
fabrics 


their 


above 


properties of fibers, yarns and 
the 


processing 


ind uniformity of 
W434(b 


dynamics 
Midwest 


Build 
medical center 
electrical, with five to 
maintenance work. Will 
involving main 
equipment 
hot 


SUPERINTENDENT 
ings and Grounds 
graduate mechanical or 
ten experience in 
direct 


Plant 
for a large 


Operation 


years 
and 
buildings 


idminister 
tenance ot 
ands distribution 
plumbing, electricity 
tion; compute costs 
erations 


program 
and grounds 

for steam 
retrigeration 
schedules and expedite op 
emergency and 
major repair jobs and periodically inspect equip 
ment and buildings; prepare main 
tenance budget estimates 2,000 
New Jersey. W432 


lines water 


and = «sanita 


and repairs, supervise 
engineering 


Salary $9-$1 


JOB ENGINEER electrical, for firm 
of architects and engineers specializing in design 
and construction of industrial plants all 
electrical on a project. Should have po 


tential to will do analysis and 


graduate 


for 
design 
and 


grow some 
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Transformer Load Indicator 


cost demand ammeter will 


This lov 


indicate 95°, of the magnitude of a 
current charge which has held constant 
for 30 minutes at an ambient tempera 


ture of 67 F. A pointe follows current 


red maximum reset 
the greatest value 
last reset. Intended 

on 25-kva transformers having 

lt primary windings, the instru 

requires no electrical connection 
» ittached by securing two 


ind snapping the laminated 
place over the conductor. 


o., 1316 Arch St., 


Distortion Adjuster ... 


'°20 was designed to cor 
1 defects in any television, 
Sine Wave oO! wide band 
eform system. For broad 
otters 1 practical 
! 


comme! 
system which eliminates 
distortion from color and 
composite and noncom 
in any region of the 
regardless of repetition 
a “time domain equal 
quipment uses the “paired 
in which any wave 
onsidered as the resultant of 
d echoes, each a replica of 
mut advanced or delayed in 
form detect correction is ac 
by synthetically generating 

ie distorted waveform it 
ing these in proper ampli 
se to the main signal to 
the unwanted portion of the 
Ome Vie Corp 185 


{mityville, L. 1., N. 
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Load Break Switch... 


The ARI-60 is designed to provide 
distribution switching with operating 
and load-breaking capabilities usually 
found only in power-class switches. 
Built for use at 600 amperes in rating 
of 7.5, 15, and 23 kv, the apparatus ts 
essentially a small power-class switch 


incorporating three insulator stacks 
with a vertical blade motion controlled 
by rotation of the rear stack. In opera- 
tion the accepted system is used, where 
in the blade first rotates on its own 
axis to relieve contact and then is ele- 
vated to the open position James R. 
Kearney Corp., 25th & Division Sts., 


Velrose Park, Ill 


Stainless Clad Aluminum 


After extensive field tests this com- 
pany can now offer the metalworking 
industry molecular-bonded _ stainless 
steel-clad aluminum in sheet form. Un- 
like metals joined by casting, the mo 
lecular bond unites the two dissimilar 
metals into a single material having 
the desirable characteristics of both 
metals. With no technical limitations 
as to gauge or to content ratios of 
stainless to aluminum, metallurgical 
characteristics are excellent for deep 
drawing, stamping, beading, spinning, 
brazing, and welding. Fairmont Alu- 


minum Co., Box 912, Fairmont, W. Va. 


Vibration Damper... 


This polyvinyl spiral was designed 
for small-diameter electric distribution 
lines ranging in size from No. 4 (0.250 
inch) to 4/0 (0.563 inch) to arrest 
Aeolian vibration, the primary cause 
of chafing damage to tie wires, armo1 
rods, and conductors. Damping _ is 
achieved through the “free response” 
principle where a 1-piece, helical spiral 
attached to the line with the weight 
evenly distributed is sufhicient to stop 
Preformed Line Prod- 


, Cleve land 


all vibrations 
ucts Co., 5349 St. Clair Ave 


Ohio 


Modular Terminal Wiring Block ... 


The Termi-Blok was designed to 
eliminate such fundamental limitations 
usually found in barrier and terminal 
boards as inadequate provision for 
density potential in multiple-wire ap 
plications, the need for cumbersome 
tools to insert or remove wires, and the 
use of a modular design concept nec 
essary for many variations in stack con 
figurations. These new terminal blocks 


are modular 3-circuit common and 


6-circuit common insulated cage as 


semblies which fit into an aluminum 
tract. Current rating is 35 amperes 
continuous current, or maximum wire 
temperature of 105 C. AMP Inc., Eisen- 
hower Blud., Harrisburg, Pa. 
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Residual Magnetism Indicator . . . 


\ new pocket instrument that in 
stantly measures the degree of residual 
magnetism in steel tools, parts, and 
structures, can be used to show residual 
magnetism levels required for “fuzz 
free’ parts cleaning. It also can be 
used to measure hardened steel parts 
that tend to pick up magnetism trom 
magnetic chucks, machine tools, and 
Magnetic 
cated by deflection of the pointer on a 
20-0-20 scale. R. B. Annis Co., 1101 N. 
Delaware St., Indianapolis 2, Ind. 


conveyors polarity is indi- 


Temperature Controller . 


This portable temperature con 
troller has a sensitivity range of 100 
to +300 C and is accurate to 0.5 C. 
The unit has a rated load of 15 am 
heating and cooling 


cvcles. Included with the N-300 is a 


peres on both 


fast-response time probe completely 
sealed in a stainless steel housing ren 
dering the unit adaptable for use in 
contaminated atmospheres or corro 
sive liquids. Omtronics Mfg., Inc., Box 


1419 Peony Park St., Omaha 14, Neb 


Low-Voltage Bushings... 


From 69-kv down to 15-kv service, 
these new Class GK oil paper trans 
former bushings will complement the 
Breaker-Tran line by 
common dimensional requirements for 


covering — the 


transformer bushings included in 
Fable 3, ASA standard C76.1a-1958. In 
cach voltage class the 400-ampere, 1614- 
inch-oil-level and the 400-ampere, 21- 
inch-oil-level bushings employ tubular 
conductors, draw-lead terminals and no 
stud below the end cap. The 1,200- 


ampere, 21-inch-oil-level transformer 
bushing uses a solid conductor that ex- 
tends below the lower end cap and 
above the oil reservoir for attachment 
of leads. Ohio Brass Co., Mansfield. 
Ohio. 
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You're the boss when you specify 
Loxarmor, Okonite’s interlocked armor 
cable. Whether you require galvanized 
steel, aluminum, bronze or copper pro- 


tection, Loxarmor is manufactured to 


your specifications. And Loxarmor cables 


are easily handled at both vertical and 
horizontal bends, as well as in crowded 
locations where circuits must be bent 
around piping and other apparatus. 
Because of its installation economies, 


Loxarmor is finding increasing use in 


EASILY HANDLED—Neat, compact arrangement of 2300-volt power 
feeders shows how easily Loxarmor cables are handled. These circuits 
serve a new 15,000 kva ‘“‘packaged”’ substation. 


A LOOK INSIDE—This cut-away shows details of the quality construction 
that is part of every Loxarmor cable. An additional advantage is avail- 
able in an Okoseal (polyvinyicholoride) jacket which can be supplied 
over and under the Loxarmor where environmental conditions warrant. 


LOXARMOR~the interlocked cable 
that bends itself to your will 


primary and secondary feeders, power 
and lighting circuits, station auxiliaries, 
control circuits, and motor circuits in 
place of rigid conduit systems. 

Here are a few of the many advantages 
of Okonite Loxarmor cables: 

Lower material and installation costs 
save money .. . additional circuits are 
easily added ...circuits are easily re- 
routed ... accessibility of Loxarmor re- 
duces downtime... flexible, compact 


construction reduces space requirements. 


And the strict quality control under which 
Loxarmor is made, contributes to its con- 
tinued record of superior service in the 
field. Itall adds up to Okonite Cable’bility * 

the ability to design and manufacture 
electrical cables that give outstanding 
performance. 

To learn more about Loxarmor write 
for Bulletin EG-1090. The Okonite Com- 
pany, Subsidiary of Kennecott Copper 
Corporation, Passaic, N. J. 


*Coble’bility ... cable craftsmanship since 1878 


where there’s electrical power... there’s OKONITE CABLE 





FNCUAUNG 


LINE VOLTAGES 
giving you trouble? 


100 kva Line Voltage Com- 
pensator installed at radar 
station operates on 3-phase 
input of 208v +10%, deliv- 
ers 208v +1% at 300 amps, 
with no sine wave distortion. 





WANT DC? Glenn fixed or 
variable-voltage dc power 
supplies are available for 
motor drive and speed con- 
trol, powering magnets, in- 
struments, test stands — for 
electrolytic refining, electro- 
plating, de-tinning, etching. 
Write for literature 


GLENN PACIFIC CORPORATION 


INDUS TR 


703 - 37th AVENUE * OAKLAND 1, CALIFORNIA 


MID-WEST OFFICE 


644 South York * Elmhurst, Illinois 615 Riverwood Avenue * Point Pleasant, New Jersey 


26 \ is mention 


—-keep ’em steady 


witha GLENN 


Line Voltage 
(O@Tovanlol-lar-t-tiels 


You can cut line voltage fluctuations 
of +10% toa mere +1% with an 
economical, easily-installed GLENN 
Line Voltage Compensation Unit. 


They're self-contained, convection-cooled 
units that work automatically and reliably, 
require little or no maintenance. 

They are available for all single or 
3-phase line voltages to 600 vac, in 
output ratings to 400 kva (100% duty 
cycle) —and may be paralleled for higher 
capacities. Response time is adjustable. 


Glenn Line Voltage Compensators pay 
off wherever line voltage jumps around to 
upset processing, control, testing or 
equipment performance. If you have 
problems like these, why not write us now 


for detailed information and a quotation? 


5 


POWER eh, ae dan a ee 


EASTERN OFFICE 
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Electronic Scale... 


With an indication accuracy of 
14%, this scale for weighing scrap 
metal furnace charges has a capacity 
of 250,000 pounds plus tare weight of 
the empty car. In operation a self-pro 
pelled car stops on a weigh bridge 
supported by four electric load cells. 
Here the load is indicated simultane 
ously on an adjustable preset indicator 
in the scale house and a remote indi 
cato1 placed so the crane operator can 
watch the charge weight. A _ preset 
alarm rings when the desired weight 
has been reached. Gilmore Industries, 
Inc., 13015 Woodland Ave., Cleveland 
20, Ohno. 


Adjustable Electronic Drive . . 


This inexpensive adjustable drive 
with a speed range of from 2:1 to 100:1 
operates from a single-phase a-c supply. 
\ pair of grid-controlled thyratrons 
and diode tubes provide full-wave rec- 
tified voltage to the drive motor arma- 
ture. For precise speed regulations re- 
gardless of load, an JR_ drop 
compensating network is used. The 
drive also provides short-circuit pro 
tection, undervoltage and _ overload 
protection, a timed method of accel- 
erating to preset speed, a regulated 
speed reference supply, and a fail-safe 
tube circuit on filament burnout. 
Square D Co., 4041 N. Richards St., 
Milwaukee 12, Wisc. 


Electromagnetic Conveyor 
Router... 


Principal elements of this novel 
automatic conveyor routing system are 
i keyboard to program and control the 
operation, a magnetic writing head at- 
tached to the conveyor’s frame near the 
operator’s station, a magnetic code 
patch mounted on the side of each 
container, and related actuating con 
trols at each divert station. As a loaded 
container approaches the operator's 
Station, the destination is selected on 
the keyboard which then translates it 
into magnetic memory logic. This is 
subsequently projected in code form 
to the writing head. As the container 
passes the writing head, the data is 
picked up and transferred to the con 
tainer’s magnetic memory code patch. 
The container then continues down 
the line until it reaches a station with 
a similar magnetic code which auto 
matically activates a divert control 
switch {tronic Products, Inc., W. 
Conshohocken, Pa. 


(Continued on page 28A) 
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Stator capacity increased by rewinding with NECCOBOND 


coils by National... the specialists in electric coils/repair service 


Stator capacity of this 37,500 KVA Synchronous Condenser was 
increased at no change in temperature rise when the machine was 
rewound with new NECCOBOND coils having more efficient copper- 
slot ratio. Complete service included coil design and manufacture, 
installation and test. In addition, revolving field coils were com- 
pletely rebuilt, installed and tested. 

Whenever you need service on rotating electric machinery — 
whether large or small, whether you need a few coils or a complete 
rebuilding job—contact National Electric Coil. Our service is fast, 
thorough and dependable. 

For information call National’s Columbus Plant, HUdson 8-1151 
or check the nearest National Field engineer. 


DIVISION OF 


: ” e e WPA) 
««) National Electric Coil Iga 


: COLUMBUS 16, OHIO e IN CANADA: ST. JOHNS, QUEBEC 
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UNITIZED 
COMMUNICATION 
EQUIPMENT for 
feo and INDUSTRY 


Eff 


@) Highly effective 


in extremes of 
ambient noise and PI} 
temperature. fi ~~, 


Plug-in units provide ease 
of installation, expansion 
and maintenance. 

4 


Transistors and rugged, 
industrial type components 
used throughout. 


Central control cabinet, 
costly engineering and 
fabrication eliminated. 





sl -1d 04-1 ako Malle Lib ame (1 ol-tale(o] ol (-¥ 
voice communication system for 
use in high noise level areas is 
needed—you'll find GAI-TRONICS 
specified by name. 


GTC is extremely 
flexible in application 
Write 


copy of our completely 


today for a 


illustrated, descriptive 
booklet and name of 


nearestrepresentative 


GAI-TRONICS 


CORPORATION 
Dept. B 
READING, PENNA, 


POunDEO 1006 
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(Continued from page 26A) 


Low-Cost High-Quality Pot... 


single-turn 
potentiometer was de- 


Chis new subminiature 
wire-wound 
signed for use in printed circuits and 
other modular-type applications where 
extreme angular resolution is not re- 
quired. The main feature of this com- 
ponent is that it fills a gap between the 
truly commercial unit and the high- 
quality, Mil-spec pot. Al- 
though it is not truly humidityproof, it 


high-price 


does meet steady-state humidity re- 


Bourns, Inc., 6135 Mag- 


Riverside, Calif. 


quirements. 
nolia Ave., 


Portable Psychrometer ... 


which 
quickly gives precise wet and dry bulb 


This improved instrument 
readings for determining relative hu- 


midity, absolute humidity, dew point, 


or enthalpy in air and other gases, uses 


tiny thermistor beads as_ resistance 


thermometer elements. Response time 
is rapid because of the small mass of 
the temperature sensing thermistor 
beads and because of the instrument's 
both wet 
and dry readings are usually obtained 


within 10 


controlled air system. Since 


seconds, readings can be 
taken in confined spaces with limited 
Atkins 
Third St., 


air available for measurement. 
Technical, Inc., 1276 W. 
Cleveland 13, Ohio. 


Faster Private-Wire Service... 


Development of this automatic pri- 
vate wire system called Plan 115A pro- 
vides fast point-to-point transmission 
of data by enabling 20 stations in a 
circuit to send in quick automatic se- 
quence. With 


priorities assigned to 


AL ENGINEERING when writing to advertisers 


stations carrying heavier message loads, 
there is no in the system. 
Messages are punched on standard pa- 
per tape, which feeds automatically 
into a transmitter. Meanwhile a 


“dead time” 


selec- 
inviting’ the 
20 stations in the circuit to send by 


tor switch is constantly 


scanning each station in sequence. Au- 
tomatic invitation requires less than |! 
second per station. Western Union 
Telegraph Co., 60 Hudson St., New 
York 13, N.Y. 


Pyrometer... 


Operating on the basic measure- 


ment principle of sensitivity to light, 


this automatic pyrometer instantly 
measures and regulates temperatures to 
£.000 


than | degree. 


C while recording changes to less 
\ light bulb inside the 
instrument adjusts to the brightness of 
the heat 
through the bulb provides the means 


source. An electric current 


of measurement. Temperature is regu- 
lated by a servomechanism connected 
to the heat source’s power supply and 
to a detector sensitive to the brightness 
of the bulb. 
nals from the heat source and the light 
bulb until they have reached the same 
level. Atomics International, P. O. Box 
309, Canoga Park, Calif. 


The detector adjusts sig- 


Protective Terminal Coating... 


This peelable cellulose dip coating 
which can be 
a near-perfect 
bolted connections by 
carefully ground pad surface from dirt, 
oxidation, and the rigors of shipping, 
handling. Applied as a 
standard protection to ehv conducto1 


easily removed provides 
electrical contact for 


protecting the 


storage, and 


accessories, the coating is optional on 
Rome Cable Div 
{luminum Co. of America, 1501 Alcoa 
Bldg., Pittsburgh 19, Pa. 


other accessories. 
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O-B has added new low-voltage bushings 

of the Type GK, oil-paper construction, 

to its line of Breaker-Tran bushings. For 
69 kv down to 15 kv service, O-B’s low voltage 
Class GK bushings will complement the Breaker- 
Tran line by covering the common dimensional 
requirements for transformer bushings included in 
Table 3, ASA standard C76.1a-1958. 

In each voltage class the 400 ampere, 16% inch 
oil level and the 400 ampere, 21 inch oil level 
transformer bushings are designed for draw- 
lead application; the 1200 ampere, 21 inch 
oil level transformer bushing is equipped for 
fixed connections. 

Class GK, which includes O-B’s Breaker-Tran 
line, high voltage bushing line and new “Table 3” 
bushings, is a full condenser type with oil-paper 
construction. Its core has been precision wrapped 


1614 inch, draw-lead 


21 inch, draw-lead 


Breaker-Tran 


with condenser foils inserted at regular intervals 
for uniform grading across the dielectric. Oil im- 
pregnates the paper core and surrounds it from 
end to end. 


The new Class GK low voltage bushings share 
the qualities that give O-B condenser bushings 
their excellent field service record. You can get 
these new Class GK bushings on your equipment 
simply by asking for them. 


OHIO BRASS COMPANY, MANSFIELD, OHIO 


PORCELAIN INSULATORS - 
BUSHINGS - HOLAN TRUCK-MOUNTED PO 


21 inch, fixed 


conductor 


10113-H1 





The Symbol of Specialization 


Shown discussing the customer merits of a newly installed 1121. KVA Sorgel Dry-Type Transformer are Mr. 
Richard R. Pooley, Facilities Manager of Tektronix, Inc.; Mr. Jerry Jones, General Superintendent, W. R. Grasie 
Company, Electrical Contractors, Portland, Oregon; and Sorgel Sales Engineer, Mr. Henry C. Lehl. This trans- 
former is installed in Tektronix’s main facilities at Beaverton, Oregon. The Contractor commented on the fast 
installation of Sorgel units because of knockouts on all sides and easy accessibility to terminal connections. 


SORGEL HAS A DRY-TYPE 


1/4 KVA 

TO 

10,000 KVA, 
ALL STANDARD 
AND 
INTERMEDIATE 
VOLTAGES 

UP TO 

15,000 

VOLTS 


Popular sizes up to 75 KVA, both sin- 
gle and 3 phase transformers, are 
normally in factory stock. They are 
also constructed to be interchange- 
able for wall or floor mounting. 


The transformer is the heart of your entire 
electrical system. Here is where true quality 
gives you dependability and low cost opera- 
tion. Illustrated is a 500 KVA, 5 KV class,for a 
Sorgel unit substation. 








lf you BUY, SPECIFY or INSTALL transformers, 
YOU SHOULD KNOW THESE IMPORTANT FACTS 


Here Are Eight Sorgel Customer Benefits 


That Mean Positive 


These engineered advantages show why Sorgel dry- 
type transformers are considered the finest in the 
electrical field. These quality features, and many 
others, assure you of economy in installation and 
operation. 


@ All coils have end filler protection in each layer to 
prevent movement of conductors under heavy loads 
and short circuit stress conditions. 


@ The transformer core and coil unit is specifically 
designed for low sound level. In units 15 KVA and 
larger, the core and coils are mounted on vibration 
dampening pads designed to suppress transmission 
of vibration to adjacent areas. 


@ Each unit is completely assembled, wired, and 
tested at the factory, ready for line and load con- 
nections eliminating any job-site assembly. 


@ All terminations are securely anchored, and solder- 
less connectors are furnished on all transformers 
with terminal boards. Vacuum impregnated wind- 


> —— ~~ 
SORGEL 


B——“SOUND-RATED DRY-TYP 
TRANSFORMERS 


Savings in Dollars 


ings are brazed to the terminals. 


Connection covers are cushioned and easily re- 
moved by means of two captive bolts on small 
sizes, and four on larger sizes. 


Ventilating openings are designed to prevent ac- 
cidental access to live terminal parts. Expanded 
metal is not used on sides, back or front. 


In Quiet-Quality units, performance data, such as 
core loss, copper loss, sound level, etc., is always 
equal to, or lower than, the guaranteed values 
submitted to the customer. 


®@ Sorgel units are individually tested in accordance 
with NEMA standards. Certified tests are furnished 
upon request,to further substantiate the guaranteed 
data. 


Contact your nearest Sorgel Sales Engineer for addi- 
tional reasons why Sorgel units are truly your most 
economical buy -as quality pays, it doesn’t cost. 


SORGEL ELECTRIC COMPANY 


Since 1916 the pioneer in the development, manufacturing 
and application of sound-rated dry-type transformers 


846 WEST NATIONAL AVENUE e MILWAUKEE 4, WIS. 


Experienced sales engineers in principal cities 


TRANSFORMER FOR YOUR EVERY NEED 


CLIP AND MAIL FOR 
TECHNICAL BULLETINS. 


[)] 611—Transformer Line 
960—Substations 
658—DC Saturable 
Reactors 

Name_ seiiis tienda 

bar ere 

Address___ 

City 


, | See 





All units are built to meet or exceed latest 
standards of ASA, NEMA and AIEE. Sorgel 
provides the most liberal designs and a co- 
ordinated system of either Class B, F or H in- 
sulation with the most effective use of quality 
materials to assure continuity of service. 


Sorgel is the leading manufacturer of quality Saturable 
Reactors used to regulate and control electric power for 
various manufacturing processes. Special features are: 
unusual wide control range, low D.C. requirements, low 
cost operation. Illustrated is a 150 Kva Reactor with re- 
cording and indicating instruments for automatic control. 





Trade Literature... 


Microminiature Connectors ... 


rinted-circuit connec 
precision-designed card 

icroelectronic applica 
yns. Forty contacts with a 0.050-incl 
enter-to-center spacing are mounted 


1 only | 11/16-inch long molding 


ontactS al 


iding coil spring action grip over the 


Bellowform” type pro 


entire contact area of printed-circuit 
boards. The contacts accept a 1/32 inch 
printed-circuit board or tape cable 


Recommended test voltage at sea level 


is 900 volts rms, current rating ! 
ampere. Terminations can be soldered 
ol led ) Technical Bulletin 
Sales Division 
D F , ) orp 45-01 Northern 


B ng Island City 1, N.Y. 


600-2 y t of tro? 


Variable Transformers 
\ compact 50/60-cycle powerstat 
variable transformer series has been in 
troduced having output ratings un to 
amperes with constant current 
to 5.5 amperes with con 


loads. Called the 2/ 


stant impedance 
Series, they feature: gold alloy plated 
commutator, functionally designed ter 
minal arrangement for connection flexi 
bility erminal adapters for either 
soldered connections o1 push-on con 
nectors, adjustable 34-inch solid metal 
shaft, square base design for increased 
strength and reduced over-all height 
and space behind panel. For 8-page 
Bulletin P6121 write to The Superior 


Electric Co., Dept 21, Bristol Conn. 


“Endur-All’’ Distribution 
Transformers 


Operating and maintenance bene- 


fits of the Endur-All distribution trans- 


formers are described in a new bulls 


include a new 


Features design 


es impedance by as much 


locked core-and-coil con 
hich eliminates 32 
— 


10 lighter and lower 


pieces ot 


er handling. The trans 
new high-gloss high 
plus reusable gasketing 
maintenance increased 


for better circulation, 


t irea 
1 purer transformer oil which adds 


extra overload capability Copies ot 


Bulletin 61B9943 are available on re 
, 


quest. from 1 


Milwauke Wa 
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Chalmers Mfg. Co., 


Miniature Thermocouples... 


\ new line of microminiature ther- 
mocouples world’s smallest and fastest 
sensors—is described in 


9 


9-color bulletin. It covers 


temperature 
this 6-page 
the design, construction applications, 
and operating characteristics of thes 
thermocouples, which have a probe 
diameter of only 0.014 inch and op 
erate in a temperature range from 
$000 F. 


includes drawings and 


cryogenic environments to 
The bulletin 
photographs; circuit sketches; curves 
showing radiation error, time constant, 
and response times; a listing ol types 
and model numbers, and temperature 
ranges. Baldwin-Lima-Hamilton Corp., 


Philade lphia 1; 78: 


Hardfacing Electrodes and 
Wires ... 


\ 44-page brochure ADC 955 con- 
tains a cross-referenced, pictorial lav 
out in which all the hardfacing mate- 
rials are classified and illustrated ac 
cording to use. The wear protection 
provided on industrial and construc 
tion equipment by the company’s hard- 
facing alloys is discussed in detail. A 
description of each electrode is pre- 
sented along with application data. 
Over 100 specific equipment parts that 
benefit from hardfacing are listed in an 
extensive section, together with the 
type of wear which each is subject and 
the alloy needed to protect it. Air Re- 
duction Company, Inc., 150 E. 42nd 
St., New York 17, N. Y. 


“Cradle” Relays... 
Complete data with circuit dia- 
grams, chassis layouts, and socket guide 
for its line of military and commercial 
154 “Cradle” relays have been pub- 
lished in the company’s t-page, il- 
lustrated bulletin. Open, dust cover, 
and hermetically sealed types with 
plug in, printed circuit, and hook type 
solder terminals for the relays are de- 
scribed for 12 different mounting vari- 
ations with contact arrangements up to 
6-pole double-throw. Operating condi- 


tions for 5 ampere, 2 ampere resistive 


| ampere inductive at 29 volts, .d-c; 
115 volts, a-c) and low-level contacts 
are given as well as tables for coil re- 
sistance, sensitive and power operated 
data. Allied Control Co., Inc., 2 East 


End Ave., New York 21, N.Y. 
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“‘Hygromite’’ Moisture Meter... 


This bulletin describes the Hygro- 
mite, a portable laboratory moisture 
meter which continuously monitors 
water vapor in gas. Performing with a 
full-scale accuracy of +5%, the instru- 
ment measures vapor in ranges of 0-10, 
0-30, 0-100, 0-300, and 0-1,000 parts 
per million. It is designed for use in 
many control applications, including 
the monitoring of gas in purge systems, 
the measuring of moisture in the he- 
lium used for precise chromatographic 
techniques, the monitoring of gas 
dryers in laboratories, the checking of 
water content in bottled gases, and the 
monitoring of natural gas in petroleum 
research labs and pilot plants. A spe- 
cial hydrogen electrolytic cell, supplied 
either with the instrument or on sep- 
arate order, provides previously unob- 
tainable accuracy in the monitoring of 
gases having hydrogen concentrations 
of more than 50%. A standard .elec- 
trolytic cell is used to remove and 
electrolyze water in samples containing 
either no hydrogen or concentrations 
of the gas in proportions of less than 
50°, of the sample. For a copy of Bul- 
letin 773 write to the Technical Infor- 
mation Dept., Beckman Scientific and 
Process Instruments Division, Fuller- 
ton, Calif. 


Coaxial Relays—Switches ... 


\ new 28-page, color catalog de- 
scribes the company’s standard line of 
DK coaxial switches and relays. Among 
the features are: résumé of the chief 
characteristics and operating principles 
of the coaxial switch; complete sum- 
mary of 125 standard switches available 
from stock; details on production and 
custom engineering facilities, quality 
control processes; and information on 
sales and ordering. RF Products, 33 
E. Franklin St., Danbury, Conn. 


Plant Equipment Catalog .. . 


\ complete line of maintenance, 
safety, and production equipment is 
pictured and described in this 64-page 
1961 Catalog No. 33. Buying data cov- 
ering 110 different products are in- 
cluded. Typical items include rotary 
burs and files, metal-cutting saws, test 
instruments, electric etchers, and elec- 
tric motor maintenance devices. Mar- 
tindale Electric Co., 1375 Hird Ave., 
Cleveland 7, Ohio. 


(Continued on page 36A) 
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HOMESTEAD WORKS WITH AN 


IN-t-i-p ate) a WV walel.):4 a-1-101- 1S 


Rolling mills at the Homestead Works of 
United States Steel Corporation exert tre- 
mendous pressures to squeeze steel into 
desired thicknesses. The mills are de- 
signed to handle terrific mechanical strains 
...the motor-generator sets to take the 
swinging peak loads imposed. 

“National” Brushes—wherever they are 
used on the m. g. sets that power the 
mammoth mills— provide good commuta- 
tion and life despite the difficult loading 


TRADE MARK 


conditions. They contribute to depend- 
able service with minimum commutator 
maintenance. 


To help improve electrical operations, 
we offer a positive carbon brush service 
program. Just call your “National” Brush 
Man or write National Carbon Company, 
Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N.Y. In 
Canada: Union Carbide Canada Limited, 
Toronto. 





‘‘National’’ and ‘‘Union Carbide”’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


Contact your 
**National’’ Brush Man 

















BODINE’S SMALL MOTORS 


OFFER DEPENDABLE SERVICE WITH 


AN ASSIST FROM |[RJATIONAL BRUSHES 


Here, at the Bodine Electric Company 
Plant, fractional horsepower motors are 
manufactured for a wide variety of prod- 
ucts. Considering the small sizes of the 
motors used, these products doa tremen- 
dous job in making many everyday tasks 
easier and more enjoyable for the user. 
‘‘National’’ Fractional Horsepower 
Brushes—tiny but vital components in 
these motors—offer proved dependability 


TRADE-MAR 


so necessary in this small equipment. 
National Carbon Company maintains 
a complete testing laboratory specifically 
designed for the investigation of frac- 
tional horsepower brush problems. For 
information, contact your “National” Brush 
Man or write National Carbon Company, 
Division of Union Carbide Corporation, 
270 Park Ave., N. ¥Y.17,N. Y. In Canada: 
Union Carbide Canada Limited, Toronto. 








‘‘National"’ and ‘‘Union Carbide”’ are registered trade-marks for products of 
NATIONAL CARBON COMPANY 


Contact your 
‘*National’”’ Brush Man 
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ARNOLD 6T CORES... 
SAME-DAY SHIPMENT OF 
STANDARD DELTAMAX CORE SIZES 


Arnold GT tape cores (aluminum- 
cased and hermetically-sealed) 
offer you three very important de- 
sign advantages. One: Maximum 
compactness, comparable to or 
exceeding that previously offered 
only by plastic-cased cores. Two: 
Maximum built-in protection 
against environmental hazards. 
Three: Require no supplementary 
insulation prior to winding and can 
be vacuum impregnated after 
winding. 

Now we've added a fourth vital 
advantage: Maximum availability. 
An initial stock of approximately 


TO ROLL! 
RIGHT 
FROM 


Jury 1961 


20,000 Deltamax 1, 2 and 4-mil 
tape cores in the proposed EIA 
standard sizes (See AIEE Publica- 
tion No. 430) is ready on ware- 
house shelves for your conveni- 
ence. From this revolving stock, 
you can get immediate shipment 
(the same day order is received) on 
cores in quantities from proto- 
type lots to regular production re- 
quirements. 

Use Arnold 6T cores in your 
designs for improved performance 
and reduced cost. They're guaran- 
teed against 1000-volt breakdown 
... guaranteed to meet military 


test specifications for resistance to 
vibration and shock .. . guaranteed 
also to meet military specifications 
for operating temperatures. The 6T 
hermetic casing method is extra 
rigid to protect against strains. 
Let us supply your requirements. 
Full data (Bulletin TC-101A and 


Supplements) on request. © Write 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, Ill. 


ADDRESS DEPT. EL-7 


8ZARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 





BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST In the YELLOW PAGES 
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ISOLATORS 


are the most practical 
disconnect you can buy! 


Isolators require the least 
space of any disconnect 


... Only Y as much as an equally 
rated knife switch. ISOLATORS 
oR save on cubicle construction, 
floor space and installation time 
KNIFE ... lightweight, easy to install— 
SWITCH NS) | come complete with all elements 
assembled in rigid frame. 


- 


Isolators are safe! 


... the straight line action 
includes fool-proof protection. 
The insulating sleeve shields the 
live parts at all times and still 
shows a clearly visible gap 
when the switch is open. 


Isolators are versatile! 


. . SO compact, practical for 
switching centers that we’ve 
given a new name to a 
combination of bus duct and 
disconnect . . . the ISO-DUCT. 
Neat and handsome, excellent 
for both modern plants and 
replacements, ISOLATORS can 
be combined with potheads for 
any arrangement. 


Available from 5KV to 15KV 
in ratings from 600 to 2000 amp. 


JE’s famous straight line disconnect...now made by 
Kearney...is still unmatched in all important features 


JAMES R. KEARNEY CORPORATION 
MELROSE PARK DIVISION + 25TH & DIVISION STS. MELROSE PARK, ILL. 
S + MELROSE PARK, ILL. + FAYETTEVILLE, ARK. + GUELPH, ONT., CANADA + ST. THERESE, QUEBEC, CANADA 





(Continued from page 32A) 


Diode Catalog... 


\ new 12-page 3-color diode cata- 
log describes more than 200 7N and 
FD series silicon Planar diodes manu- 
factured by the company. It features 
several new products including /D#00, 
a high-conductance ultrafast Planar 
diode with 500-mw power dissipation 
(forward conductance, 150 ma_ mini- 
mum at 1.0 volt; reverse recovery time, 
75 millimicroseconds maximum, switch- 
ing 200 ma). Also included in the cata- 
log are the specifications for matched 
pairs and quads of diodes in current 
ranges of 10 wa to 50 ma, matched on 
forward voltage and assembled in 
epoxy resin. Matching is guaranteed 
over a temperature range of 55 to 
100 C. Fairchild Semiconductor Corp., 
1300 Redwood Highway, San Rafael, 
Calif. 


Infrared Spectrophotometer ... 


This technical data sheet describes 
a new lightweight infrared  spectro- 
photometer developed for airborne 
or satellite-borne spectral measure- 
ment applications. The instrument’s 
spectrophotometric capability, — light 
weight, compactness, and low power 
requirements make it suitable for such 
studies as the infrared boundary-layer 
phenomena of hypersonic vehicles and 
re-entering nose cones. Placed in an 
orbiting satellite, it can be employed 
to measure earth emissivity and solar 
radiation. The instrument is also use- 
ful for terrestrial measurements in the 
field, as it can be easily carried by one 
man and quickly set up on a tripod. 
Electro-Optical Division of the Perkin 
Elmer Corp., Norwalk, Conn. 


Miniature Ball Bearings .. . 


This 64-page wire-bound multicolor 
volume furnishes comprehensive infor- 
mation on a full range of more than 
500 types and sizes ol miniature and 
instrument-size bearings, as well as 
bearing products manufactured at the 
company’s Split Ballbearing Division, 
Lebanon, N. H. Complete specifica- 
tions, actual-size and detailed easy-to 
read cross-sectional drawings of ball 
bearings are included in the volume, 
as well as illustrations of MPB’s_pre- 
cision products. A special section on 
nomenclature with explanatory draw- 
ings also is included. Write on com- 
pany letterhead to Miniature Precision 
Bearings, Inc., Precision Park, Keene, 
N. H. 


(Continued on page 38A) 
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(Cont'd. from page 23A) 


reports. Salary, to $12,000. New York City. 


W426. 


CIRCUIT ENGINEER, graduate electrical, to 
work spot assignments on electronic circuitry as 
service engineer for three different divisions of 
a manufacturing company. Salary, to $10,000. 
Connecticut. W425. 


SALES ENGINEERS, for the application and 
sale of electronic components, i.e. potentiometers, 
precision potentiometers and relays. One year 
sales experience desirable. Factory training 
from four to five weeks on West Coast. Terri 
tories: One for Long Island and part of New 
York City; One for northern New Jersey and 
Westchester County. Apply by letter including 
salary requirements. W417. 


MANUFACTURING ENGINEERS, graduate 
electrical, industrial and mechanical, with five 
years’ experience in analyzing producibility and 
solving fabrication and assembly problems of 
military electronic and electro-mechanical equip 
ment; familiarity with prototype and production 
manufacture techniques. Capable of writing test 
specifications and procedures. Heavy estimating 
on bid proposals, i.e. electrical and mechanical 
assembly and some machine and sheet meta 
Salary, $8-$10,000. Company pays placement fee 
New York suuburban area. W416 


ENGINEERS. (a) Project Managers, graduate 
electrical, for systems engineering department 
military products division, for overall project 
responsibility, including design, prototype pro 
duction, engineering direction, manpower and 
material estimating and scheduling, and cus 
tomer liaison. Heavy background required in 
tele-communications systems, including wire 
transmission, tropo-scatter, space tracking, mi- 
crowave and digital communications, Salary, $12- 
$16,000. (b) Project Managers, graduate electri- 
cal, for product engineering department, mili- 
tary products division, to be responsible for 
military communications product design and de 
velopment. At least eight years’ experience re 
quired in two or more of the following com 
munications areas: RF transmission and receiv- 
ing systems (UHF-Microwave), RF repeater sys 
tems (UHF-Microwave), base band = systems 
(analog and digital multiplex), spectrum con 
servation techniques. Must be capable of assum- 
ing all phases of project responsibility, including 
design, schedules, etc. $12-$16,000. Company 
pays fees. New York suburban area. W415. 


SUPERVISING PROJECT ENGINEER,  grad- 
uate mechanical or electrical with five to ten 
years’ experience on the design, calculations and 
packaging from the electronic and mechanical 
side of hearing aids. Salary, $12-$15,000. Con- 
necticut. W412. 


MARKET RESEARCHER, graduate electrical 
or electronics engineer, with four to six years’ 
electrical or electronics experience. If no ex 
perience in market research work, should have 
strong desire to get into this field. Should be 
capable of assuming complete responsibility for 
projects, including the investigation of product 
problems, potential markets, or the need for 
new products. Salary, $9-$11,000. Company pays 
fee. Pa. W4ll(a) 


ENGINEER TRAINEE, electrical graduate, for 
project engineering, with up to two years’ ex 
perience in the electro-mechanical field. Salary 
$7500. Connecticut. W410. 


ENGINEERS, (a) Electronic Engineer, Research 
and Development, B.S. in E.E. or Physics, with 
three or more years’ experience in the design 
and development of electronic circuits, especially 
for switching and control, of which at least two 
years’ should be in_ solid-state circuits. (b) 
Senior Electro-mechanical Engineer, Research 
and Development, graduate electrical or me 
chanical, with five or more years’ experience in 
the design, development and testing of small 
electro-mechanical components such as_ relays, 
instruments, etc., with environmental testing to 
MIL specifications helpful. (c) Electronic Engi- 
neer, graduate electrical, with a minimum of 
three years’ experience in development and de- 
sign of electronic circuits for audio, video, pulse 
applications, at least two years’ of which in- 
volved transistor circuitry. Newark, N.J. area. 
W407. 


APPLICATIONS ENGINEER, graduate electri- 
cal, with at least one year of product develop- 
ment and design, or at least three years’ labora- 
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tory technician work. 
experience acceptable 


Field or sales engineering 
Newark, N.J. area. W406. 
CHIEF ENGINEER, graduate mechanical or 
electrical, executive ability, to take charge of 
the engineering for food processing machinery 
company Considerable automatic equipment to 
be developed on grain processing and consider- 
able sheet metal design required. Salary, $10- 
$12,000. Midwest. W399. 

DEAN, Department of Engineering, Foreign 
University, M.E. or E.E., ten years’ of admintis- 
tration teaching or professional experience. Top 
scientific institution in Burma. Salary commen 
surate with American compensation. Must be 
U.S. citizen. F394 


PROJECT SUPERVISOR, B.S. in E.E., with at 
least seven years’ experience in the development 
of electrical-electronic devices including dictat 
ing equipment and similar sound storing repro- 
ducing devices. Salary, $8500-$10,000. Northern 
New Jersey. W388 


ENGINEERS Product Engineer, M.S.E.E. or 
Physics preferred. Minimum of eight years’ ex- 
perience in design and production of high power 
tubes. Salary, to $17,000. (b) Department Head, 
M.S. or Ph.D. in E.E. preferred. Crossed field 
tube development and production, minimum of 
12 years’ experience. Salary, to $25,000. Company 
pays placement New York suburban area 
W387 


fees. 


RESEARCH AND DEVELOPMENT  ENGI- 
NEERS. (a) B.S.E.E. or Physics minimum; with 
a minimum of three years’ experience in high 
power radar, radio or TV transmitters, consoles 
or power supplies or experience in video and 
pulse circuit design for modulators. (b) M.S.E.E. 
Or Physics preferred, with minimum of five 
years’ experience in traveling wave tubes and 
high power tubes, Company pays fees. Salary, 
to $14,000. New York suburban area. W386. 


ASSISTANT TO CHIEF ELECTRICAL ENGI- 
NEER, graduate, for transmission and distribu 
tion from design and supervision of contract to 
work with contractors and engineers on job al- 
ready started. Salary about $13,000, plus housing 
and local allowances. So. America. F37 
Chicago Office 


DESIGN ENGINEER, with five to ten years’ 
experience. Establish design practices and guide 
other engineers in the design of liquid filled 
transformers 5 KVA through 10,000 KVA, up 
to 69 KV. Salary, $8-$11,000. Employer will 
negotiate placement fee. Illinois. C8687 
LABORATORY SUPERVISOR, 
coordinate laboratory technicians on rotating 
machinery, instruments and testing on electric 
motors, Will report to director of engineering— 
electric motor division for a manufacturer. Em- 
ployer will pay fee. Salary, $8400-$10,200. Ohio. 
C8686(b). 


B.S.E.E., 30-45 


DESIGN AND DEVELOPMENT ENGINEERS, 
graduate electrical engineer. One man on design 
and development. 400 cycle DC motors. Salary, 
to $15,000. One man on design and development 
of control equipment primarily electronically 
controlled. Salary, $12,000. For a manufacturer 
of precision equipment. Employer will pay fee. 
Ohio. C8671 


['V AND RADIO DESIGN AND DEVELOP- 
MENT ENGINEERS, graduate electrical or me- 
chanical engineer or equivalent, with five or 
more years’ experience in design and develop- 
ment in one or more: TV _ receiver circuitry, 
amplifiers, transistors, tuners, audio, video, radio 
receiver, hi-fi-audio equipment and AM-FM re- 
ceivers, pulse circuit transformers, RF filters, 
component design, radar systems, micro waves, 
servos, etc., for a manufacturer. Salary, $7800- 
$12,000 depending on experience. Employer will 
pay fee. No. Indiana. C8664 


APPLICATION ENGINEER, with two to five 
years’ experience. Prepare quotations and pro- 
posals on electric motors and generators (up to 
3500 HP); liaison between field sales, headquar- 
ters sales and engineering; limited travel. Sal- 
ary, $6-$8000. Pa. C8661. 


DIRECTOR OF ENGINEERING, graduate me- 
chanical or electrical. To be responsible for all 
product development and design of small elec- 


tro-mechanical devices, especially small electrical 
switches. Salary, $18-$25,000. New York, N.Y. 
Employer will pay fee. C8657. 


San Francisco Office 

FIELD AND OFFICE ENGINEER, about 
$6,000. Headquarters in San Francisco. EE, age 
under 30. Some familiarity wtih electrical con- 
struction installation, able to read plans and 
specifications and have some knowledge of meth- 
ods. Train for ten weeks’ in Eastern Headquar- 
ters, return to inspection work related to engi- 
neering aspects of fire protection. For a national 
organization district office. Deal with owners, 
engineers, architects, code officials. Some North- 
ern California travel. Car required. $j-5997 


PLANT 
San Francisco 
Several years 
additional or 


ENGINEER, Salary commensurate, in 
East Bay or Los Angeles, EE 
experience in engineering new 
changes in manufacturing plant 
electrical systems. Able to assist in survey and 
report on plant needs. Prepare plans layout 
work, direct and supervise electrical and me- 
chanical maintenance workers. For a large manu 
facturer. 5Sj-6151 


MANUFACTURING ENGINEER, $550, in San 
Francisco East Bay, electrical shop background, 
age 32-50. Experienced in small electrical equip- 
ment shop. Electrical and mechanical knowledge 
of direct current panels, switchboards, controls 
generators, motors (wiring, layout, drafting, cir 
cuiting bills of material, specifications) Also 
assist in procurement and shop production. Good 
opportunity in small growing business. For a 
manufacturer of DC generators, motors and 
controls. $j-6153 
ASSOCIATE, ASSISTANT ENGINEER, $584- 
710, in San Francisco, for Associate California 
registration required, age to 70. Associate four 
experience, Assistant two years experience 
with utilities (phone, telegraph, water, electric, 
gas). Knowledge of operation of public utilities 
Prepare standards, cost, rate of service, analysis 
regulations, testify in court. Temporary three 
to four months, possibly permanent. $j-6109 


vears 


DESIGNER, $450-500 depending on qualifica 
tions. In San Francisco, age to 50. Five to six 
industrial experience. To design project 
on power and light for offices, small buildings 
construction. For a consultant. $)-6054 


vears 


DRAFTSMAN, $450 up, electrical 
San Francisco. Three 
cal drafting experience required. Do 
drafting on commercial, institutional 
Deal primarily with architects. For an 
consulting engineering firm. $j-6104 


background, 
years’ electri 

electrical 
buildings 
electrical 


age open, in 


ENGINEER, $1200 
Recent field experience 
building utility type electrical distribution sys 
tem sub-stations and installing switchgear, in- 
struments, panels, wiring and related equipage 
Will represent owners in dealing with electrical 
general and sub-contractors. For a world wide 
engineering consultant. $j-6136 


ASSISTANT 
in Africa, EE 


RESIDENT 
(utilities 


APPLICATIONS ENGINEER, $775-850, in San 
Francisco Peninsula and Europe, EE, age 25-40 
Experience in engineering support to marketing 
capable of working with European clientele, 
working knowledge of German and/or French 
Understanding of fundamentals of frequency 
response and analysis, distortion, signal to noise, 
applications to magnetic tape recording systems 
(preamplifiers, transducers, port amplifiers) able 
to prepare formal proposals and to correspond 
in Europe. For a manufacturer. $j-6162 
ENGINEER, EE 
knowledge of EE, 


Carry out assigned 
supervision. To test 


DESIGN, DEVELOP, TES! 
degree required. Working 

physics, or related science 
projects with moderate 

equipment using transistorized circuits for com- 
munications systems both closed circuit and at- 
mospheric propagation type. Design components 
and assemblies. For a manufacturer. $j-6130 


APPLICATION, SALES ENGINEER, About 
$650 plus, in Contra Costa County, BS or MS 
in physics, math, ESc, EE. Recent graduate to 
three years’ experience related to applications 
of electro-mechanical equipment, must be sales 
oriented and goodmath, preferably with knowl- 
edge of use and application of analog computers 
and systems. Will provide information to Re- 
search and Development, engineering firms, man- 
ufacturers, commercial users. For a manufac- 
turer-designer, $j-6112. 
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18 AMP 
SILICON 
RECTIFIERS 


as low as 


58: 


This extremely low price 
is possible only because 
Motorola is producing mil- 
lions of these rugged, 18 
amp rectifiers for the au- 
tomotive industry. These 
are quality units, designed 
to stand up under the 
toughest shock and envi- 
ronmental conditions. 
Hermetic glass seal and 
welded housing protects 
the precision-engineered 
silicon diffused-junction 
active area. Over six mil- 
lion are already in use. 


18 AMP 
SILICON RECTIFIERS 


Five units offer PIV 

« range of 50 to 400 

a_—__® volts. Reverse polarity 

s eagl units available. Pack- 

age designed to cut 

MR322 your production-run as- 
Series sembly costs 


15 AMP 
SILICON RECTIFIERS 


A stud-mounted ver- 
sion of the MR322 se- 
ries available at com- 
parably low prices 
Five units offer PIV 
range of 50 to 400 
volts. Reverse polarity 
units available 





FOR COMPLETE INFORMATION 
and prices on the above recti- 
fiers plus mounting meth 
ods for the MR322; write to 
Motorola Semiconductor 
Products Inc., Technical In- 
formation Center, 5005 East 
McDowell, Phoenix 8, Arizona. 





MOTOROLA 











5005 EAST McDOWELL ROAD e PHOENIX 8, ARIZONA 
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Insulated Cables ... 


Information on cables insulated 
with Okonex 


insulation is given in a 48-page refer- 


butyl-base high-voltage 
ence manual. This service proved butyl- 


base rubber insulation designed tor 
multipurpose service up to 90 C, Is 
extremely resistant to ozone, heat, and 


moisture. These insulated cables are 
said to carry heavier loads for a given 
size conductor or the same load on a 
smaller size conductor. Engineers 
should find the data on current carry- 
ing capacities, dimensions, and the 
various designs available helpful in 
designing and specifying efficient elec- 
tric svstems. The Okonite Co., Passaic, 


N.J. 


Power Supply Catalog and 
Handbook... 


\ new D-C Power Supply Hand- 
book and Catalog has been made avail- 
able to anyone interested in d-c power 
This 24-page 


design or procurement. 


manual includes a_ step-by-step pro- 


cedure designed for engineers who 
wish to calculate packaging dimensions 
for multiple d-c outputs. Considera- 


tions include spacing problems for 


modular d-c powel supplies under 
various conditions of ambient tempera- 
ture, external cooling, and rated cur- 
over 200 
power supplies plus | million combina- 

kitted modules. Dressen- 
Electronics Corp., 250 N. 


fve., Pasadena, Calif. 


rent. The catalog details 
tions of 
Baa nes 


Vinedo 


Pulse Tubes... 


Characteristics and application data 
for high-vacuum switch tubes for pulse 
make 


includes summarized 


modulation 
chure. It 
acteristics for 19 tube types 


up this new bro- 
char- 
15 triodes, 
2 tetrodes, and 2 diodes—and a useful 
bar chart showing relative peak power 
capabilities for all tubes in the group. 
Peak 
from 7.5 kw for the WL 6293 to 3 
megawatts for the VX 4450 and VW 
For a copy of booklet FE 
1273, write Electroni Tube Div., 
Westinghouse Electric ( orp., P.O. Box 
284, Elmira, N. Y. 


powell of tubes covered ranges 
> PS 
GoD 


X 
r 


436] tubes 


115-Volt Servomotor Generator... 


\ new size 8 servomotor generator 
with both motor and generator wound 
for 115-volt 400-cycle excitation is de- 


scribed in a data sheet which also 


shows photos, electrical specifications 
for motor and generator, motor dy- 
namics and environmental data. Out- 


line and schematic drawings are in- 
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cluded as well as the torque-speed 
model 9008- 


1106-0 is of special interest to systems 


curve. The new size 8 


designers as it is a definite aid in sim- 
plifying circuitry, achieving greater re- 
liability, and cutting costs of new sys- 
tems. Helipot Technical Information 
Service, 2500 Harbor Blud., Fullerton, 
Calif 


“Instrument Motor Quarterly”... 


\ new periodical, “Instrument 
Motor Quarterly,” will contain articles 
on performance, selection, application 
and maintenance of all types of frac- 
tional and subfractional horsepower 
motors. Editorial plans call for at least 
one article per issue to be authored by 
The lead article 
of the first issue is on lubrication of 
Another feature 
will be a regular section titled “Instru- 
ment Motors at Work.” Specific appli- 
cations, with emphasis on how the 
motor contributes to over-all perform- 


ance, will be covered here. Copies of 


none ompany exper ts. 


instrument motors. 


the quarterly will be sent upon request 
to Holtzer-Cabot Motor Diwv., 125 
4dmory St., Boston 19, Mass. 


Electronic Industrial Balancers... 


\ comprehensive catalog (Form 
24-1) describes features and uses of all 
models and types of the company’s 
electronic industrial balancers. It con- 
tains detailed and illustrated descrip- 
tions of models 703, 704, and 708 cra- 
dle-type which 
weight range of from 8 ounces to 5,000 
pounds, and diametral range of from 
14 to 68 inches; model 2390 portable 
balancer; model 2409 single plane bal- 
ancer; and model 2395 vibration mon- 
itor. Industrial Balancer Department, 
Stewart-Warner Corp., 1826 Diversey 
Pkhwy., Chicago 14, Ill. 


balancers, cover a 


Electrolytic Conductivity 
Monitors .. . 


Data Sheet F-95(3) describes the 


use of both the industrial and the 


conductivity monitors to 


conductivity con- 


portable 
measure electrolytic 
veniently in process plants and in re- 
search work. Schematic diagrams illus- 
trate the operation of the instruments 
and show how the industrial monitor 
connects to a typical control system. 
Complete specifications are listed for 
both models and ordering instructions 


} 


are given. Automatic temperature- 
compensation assemblies, available for 
both instruments, are tabulated and 
illustrated. Leeds Northrup Com- 
pany, 4934 Stenton Ave., Philadelphia 


44, Pa. 
(Continued on page 42A) 
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SEL-REX RECTIFIERS HELP PUT 
GOOD LOOKS AND DEPENDABILITY 
>" INTO BUSY TALON ZIPPERS! 


eo... sop 0m nr non == a 


Sadler’s Wells Ballet, now the Royal Ballet, as it appeared on NBC-TV 


Ballerinas know, as do women everywhere, that confidence 
is difficult to measure. For, it often rests on little things— 
from a dab of makeup to the dependability of a zipper. 
Engineers know it too... knowledge acquired from years 
of strict attention to detail. Typical is the confidence of 
Talon engineers, men who build amazing dependability 

into every Talon fastener. 
Talon, Inc. engineers have chosen Sel-Rex Selenium Rec- 
tifiers and Sel-Rex Remote Control Units to supply and to 
control the D.C. needed in their metal finishing depart- 
ments. These Sel-Rex units provide the power for 
nickel plating, copper plating and zinc barrel plating 
—where superior quality depends upon precise cur- 

rent and its control. 
According to Robert E. Hammer, Manager Plant 
7, Talon, Inc., Meadville, Pa., “We rely on these 
units not only for minimum maintenance re- 
quirements but also for the exacting power 
control necessary to maintain our high qual- 

ity standards.” 


If a dependable source of D.C. is among 

your plant requirements, join the thou- 

sands of experienced and confident 

engineers who have chosen Sel-Rex 

Rectifiers as their source of trouble- 
free power. 


Complete Semi-Conductor Power Conversion Equipment and Systems for any AC to DC Application 


THE MEAKER COMPANY 


Send for 7 
SUBSIDIARY OF SEL-REX CORPORATION 
Free “GUIDE” > 


to Industrial Nutley 10, New Jersey 
Rectifier Equipment Factories and offices Chicago 50, Ill., Los Angeles, Cal. and Nutley 10, N. J. 


Representatives in principal cities. 
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NUMBER 16 RODUCT SERIES 


High-Performance 
Commercial Potentiometer— Under $1 


ce dilemma with Bourns E-Z Trim‘ Take your choice of wirewound or Resiston® carbon units. 
: ound Model 3067 handles a hefty watt at room 


niature thorou Virewound Mc 
\ ble with resistances of 100 ohms to 


»-proven Trimpot? [ at ao 
t. They ; : } Model 3068 offers resistances of 20K to 1 Meg. 
squiren > either printed circuit pir solder lug 
2s of 1000 or: 

ours for under $1 ea 


have them within 


*"ees~ 
*s 


‘s 
i? 
‘8 
' 
3 
a 
8 
cs 


Pt hd 


* 


Sea a 


Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, lowa; and Toronto, Canada 
ELECTRICAL ENGINEERING 
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VOTE OF 
CONFIDENCE 


in the future of OHIO 


To keep pace with Ohio’s dynamic growth, 
the state’s eight investor-owned electric power 
companies will spend three billion dollars in 
the coming decade to double capacity. As 
much new generating capacity will be pro- 
vided in the next ten years as was built in 
the past seventy-five. 

If you are seeking a plant site, these facts 
are important for two reasons. First, this is 
solid indication of the confidence electric util- 
ities have in Ohio’s future growth. Second, 


Koder M. Collison, Director 


State of Ohio, Department of 
Industrial and Economic Development 


7O0O Bryden Road Columbus 15, Ohio 


you can be sure there will be plentiful, de- 
pendable electric power for your industry. 
Today, Ohio’s generating capacity is 10.6 mil- 
lion kilowatts, and this state is the number 
one user of electric power in the nation. 


Additional information detailing vital plant 
site factors is yours for the asking. Send the 
coupon below on your letterhead for two new 
booklets of solid facts: Statistical Abstract of 
Ohio: 1960 and Ohio, The Growth State. 








Please Send: 
(] Statistical Abstract of Ohio: 1960 
[] Ohio, The Growth State brochure 








BUSINESS ADDRESS 





CITY 


JuLy 1961 


ZONE STATE 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 





Systems Selector... 


Helptul data on epoxy insulation 
selection, and charts handling charac 
teristics and physical and_ electrical 
properties are contained in the com 
pany’s new systems selector. General 
purpose casting and potting com 
pounds, compression and transfer 
molding powders, dipping compounds, 
and conductive cements and coatings 
are listed. It is designed to fit Hysol’s 
catalog, but folds open to make an 
easy reference wall-chart. Electrical In 
sulation Division, Hysol Corp., Olean, 
N.Y. 


Transistor Test Equipment... 


This 12-page brochure deals with a 
number of transistor testers of both the 
“go—no go” and absolute readout types. 
\ description of typical testers and 
their salient features with test ranges, 
readout accuracy, and resolution = is 
presented in the brochure. Described 
are the data logger, the type # tester, 
a “go-—no go” transiste1 classifier, the 
automatic LI tester, the low-current 
I.,, tester, and the wide-range hp; 
tester. Fairchild Semiconductor Corpo- 


Whisman Rd., Mountain 


Low-Pressure Switches ... 


Complete specifications, details, and 
prices on low-pressure switches and 
velocity actuated flow switches are de 
scribed in this 30-page catalog. Prod 
ucts included are: low-pressure switches, 
vacuum switches, differential pressure 
switches, air flow interlock switches, 
water flow interlock switches, flow 
meters, manometers, air filter gages, 
etc. The catalog contains complete de- 
sign information and dimensional dia 
grams. The Henry G. Dietz Co., Inc., 
12-16 Astoria Blud., Long Island City 
2,N. }¥ 


Analytical Spectrometer System ... 


\ technical brochure on the newly 
announced A-60 Analytical Nuclear 
Magnetic Resonance Spectrometer Sys- 
tem has been published by the com- 
pany’ Instrument Division. The 16 
page brochure, illustrated with photo- 
graphs and technical diagrams, includes 
discussions of range of applications, 
ease of operation and maintenance, 
theory of A-60 operation with special 
emphasis on the unique Varian NMR 
Field/Frequency Control System, and 
performance specifications. Vartan As- 
sociates, 611 Hanson Way, Palo Alto, 
Calif. 
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THE 
ENGINEERING 
INDEX 

















A Guide 
to the Current 
Technological 

Literature 
of the World 


Engineering Index is 


COMPREHENSIVE 


All applications of engineering 
methods and concepts to in- 
dustry, agriculture, mining— 
the entire economy—are cov- 
ered by Engineering Index. 


FLEXIBLE 


Field of Interest” Divisions 
permit subscribers to select as 
little, or as much of the Serv- 
ice as they wish. 


CONVENIENT 


Publication on library cards 
permits easy distribution of 
the abstracts within an organi- 
zation as well as central filing. 


WORLD-WIDE 


No other abstracting service 
covers foreign technical litera- 
ture as extensively as does 
Engineering Index. 


Write 
THE ENGINEERING 
INDEX-Inc. 
(A non-profit organization) 
33 West 39th St., 
New York 18, N.Y. 
tor 
16-page descriptive catalog. 
. 
Free on request. 

















NOWw— 


You Can Keep Your Copies 
of 
ELECTRICAL 
ENGINEERING 
in Orderly Fashion 
and Good Condition 


Practical attractive binders that 
hold the issues of ELECTRICAL 
ENGINEERING for one year are 
now available. Your copies may 
be easily and quickly inserted, 
and can be removed readily, if 
necessary. 


Binders have stiff covers of heavy 
quality dark blue imitation leather, 
round corners, and are embossed 
on the cover and backbone with 
the title, the Institute’s emblem, 
and the words—Jan.-June; July- 
Dec. 


The binders come in sets of two, 
and at a cost of $4.00 per set (no 
discounts allowed), with postage 
prepaid, may be obtained from 


Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 
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TRANSMISSION 
ENGINEER 


Staff position for graduate Electrical Engineer with 
substantial experience in transmission line desiga, 
sag and tension calculations, economic studies, cost 
estimating, selection of conductors and structures, 
preparation of specifications and evaluation of quo- 


tations of suppliers. Headquarters New York City. 


Send resume, in confidence, to: Box 138 

















THE INSULATION FILM on 


Acme Eectric TRANSFORMER COILS 














ELECTRICAL ENGINEER 


B.S. degree in Electrical Engineering preferably with power 
option 


Electric power plant background with combined minimum of 
10 years’ experience in power plant engineering design or opera 
tion. Experience should cover the generation, transmission or dis- 
tribution of large amounts of electrical energy. Thorough knowledge 
of the equipment cssociated with these power systems also required. 


Please send resume including salary requirements to: 
Personnel Department 


STONE & WEBSTER ENGINEERING CORPORATION 


49 Federal Street, Boston, Mass. 











ELECTRICAL 
ENGINEERS 


Positions available in Los Angeles for 

graduate engineers, age 26 to 45, with 

5 years experience in the design and 

engineering of electrical installations in 

the petro-chemical or industrial fields. 
Mail confidential resumé to: 


MR. H. K. WILLWATER 
Employment Supervisor 


FLUOR CORP. 
engineers-constructors 
2500 So. Atlantic Blvd. 
Los Angeles 22, Calif. 











BIBLIOGRAPHY ON 
ELECTRONIC 
POWER CONVERTERS 


A compilation of considerable reference data on power 
rectifiers and inverters, published in chronological se- 
quence beginning with 1903. Items are arranged alpha- 
betically by the author’s surname, and are further clas- 
sified according to text matter. Prepared by the Sub- 
committee on Papers and Speakers of the AIEE Electronic 
Power Converter Committee. 

Priced at $1.00 ($0.50 to AIEE members), publication S-35 
(February 1950) is available from the Order Department, 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 

33 West 39th Street, New York 18, N. Y. 
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WONT BURN OFF: 


Here is amazing proof to demonstrate the heat resisting 
ability of the new insulation now used in the coils of 
Acme Electric dry type transformers. Illustration shows 
section of wire with new insulation film heated by direct 
flame to a temperature too hot to handle. 


This picture shows carbon deposit from direct flame on 
heated wire. 


This micro photo made after carbon deposit was wiped off 
shows exact area on wire where flame was applied. Com- 
pletely free of carbonization or burning. 


The new insulation film used on Acme Electric trans- 
formers will greatly surpass the 220°C. required for class 
H_ transformers. This great 
advancement in heat resisti- 
bility is but one of the many 
“no-extra cost features” of 
Acme Electric transformers. 


QUIET performance — 
with sound levels 
far below acceptable stand- 
ards; compact design; light 
weight, more KVA per 
pound, easy installation are 
other features that provide 


extra value. Send for 
Dry Type Transformer 


folder AC-100. 
SAA3501/1955 


ACME ELECTRIC CORPORATION 
227 Water St. Cuba, N. Y. 
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 
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NEW 20-AMP 
Variable Transformer 
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FEATURES 


A Base has elongated mounting holes and other features which 
give the VT20 universal mounting capabilities. Can be used as a 
direct replacement for other popular transformers of comparable size. 
B Radiator plate is counterbalanced in conjunction with the 
brush assembly for smooth operation and stability under vibration. 


A&®8 Unusually fast heat dissipation results from carefully de- 
signed base and radiator plates. 


c Adjustable shaft extends from either end of the transformer 
as required for panel or horizontal surface mounting. Unique, collet- 
type lock permits repositioning without scoring or defacing the shaft. 


© Extra large brush assembly gives a big margin of heat dissipa- 
tion . . . is accurately counterbalanced by radiator plate design. 


ie 
oS 


aes vT2 
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NEW VT20 


VT20B— 
IN BASIC ENCLOSURE 


SHOWN 24 ACTUAL SIZE 


© Terminal panel allows quick arrangement of clock- 
wise or counterclockwise increase of voltage for “line” 
(120 V) or “‘overvoltage”’ (140 V) maximum output. 


VT20 VARIABLE TRANSFORMERS CURRENTLY STOCKED 





Cat. | Input (Sing. Ph.) | Output Rot. 
No. [Volts | cps i Volts | Amps| Ang. 


vT20 | 
vT20B | 120 











50-400 | 0-120/140} 20 | 317° 
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OHMITE MANUFACTURING COMPANY 
3614 Howard Street, Skokie, Illinois 
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MULTI-AMP Division 
THE KULJIAN CORPORATION pele TE LABORATORY SERVICE 


Engineers ¢ Constructors ¢ Consultants CORPORATION EMIST UNITED STATES T 


POWER PLANT SPECIALISTS Designers ¢ Engineers © Builders . 
: Z Portable Electric Test Equipment 
(Steam, Hydro, Diesel Field and Laboratory Instruments; Load Boxes ee COMPANY, INC. 
ah : . For low-voltage testing and calibrating of cir- ere 
Utility ¢ Industrial ¢ Chemical cuit breakers, protective and overload reloys, 
1200 NO. BROAD ST.. PHILA. 21. PA. reclosures, watthour meters, fuse links. 3 : E 
467 B Lehigh Ave. Union, N. J. * VIBRATION 
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TUT PETER F LOFTUS CORPORATION 
SARGENT & LUNDY 
ENGINEERS 
Consultants to the Power Industry 


STUDIES « DESIGN « SUPERVISION 
140 South Dearborn Street, Chicago 3, I!!. 


SVERDRUP & PARCEL AND ASSOCIATES, 


Engineers—Architects 
: Design and Consulting Engineers 


Electricol © Mechanicol 
Structural © Civil 


e 
7 Nucieor © Architectural 


; 2 
“Ag neo? 


FIRST NATIONAL BANK BUILDING 


Pittsourgh 22, Pennsylvania 
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San Francisco 
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ACK MORELAND, INC. 
DE LEUW, CATHER & COMPANY sata “ ~ - | 
ackson oreland internononal, inc. 
Public ane — ENGINEERS and CONSULTANTS Consulting & Design 
Traffic & Parking “or had Facilities Electrical—Mechanicol—Structural Engineers 
Expressways Industrial Plants Design and Supervision of Construction 
Grade Separations Municipal Works -i- for -:- U 
Urban Renewal Port Development Utility, Industrial and Atomit Projects CcschatieeComaiactiok Moines 
150 North Wacker Drive, Chicago 6 Surveys—Appraisals—Reports 
. Technical Publications 231 So. La Salle St Chicago 4 
San Francisco New York Boston SOSTON WASUNGTON me vem 


Pioneer Service & Engineering Co. 



































CHAS. T. MAIN, ING, | saver ano saver —— 


CONSULTING ENGINEERS SINCE 1893 CONSULTING ENGINEERS Water - Electricty - Sewage - Gas - 


Industry - Reports, Design, Supervi- 
fe IN pP ATE sion of Construction, Investigations, 
ENGINEERING REPORTS COMPOR ” Valuation and Rates. 
DESIGN - CONSTRUCTION MANAGEMENT GREELEY, COLORADO 1500 Meadow Lake Parkway 


Littleton, Colorado Phoenix, Arizona Kansas City 14, Missouri 











BOSTON, MASSACHUSETTS - CHARLOTTE, NO. CAROLINA 
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Industrial Notes... 


Minnesota Mining & Mfg. Co. 
St. Paul, Minn. . . 


\ pressure-sensitive, unsupported 
silicone rubber tape that combines the 
physical and electrical properties of 
silicones with ease of application is 


helping to solve high-voltage splice and 


termination problems for several in- 
dustrial contractors and maintenance 


crews Terminations in the 


primary 
substation at a salt mine, reinsulation 
of silicone rubber cable at a steel mill 
and protection of 


primary bushings 


ind potheads at ravon mill are sev 
eral of the situations where the tape is 
Called “Scotch” 


electrical tape No 70 it 


being used brand 
combines 
cured silicone rubber with a pressure 
sensitive silicone adhesive. The tape is 
designed to be compatible with silicone 
cable insulation and can be used as a 
protective cover on standard termina- 


tions and pothe ids. 


Burroughs Corp. 
Detroit, Mich. .. 


Burroughs Corporation recently an- 
nounced a new electronic system for 
speeding and controlling the inter 
change of more than 50 million checks 


Banks. Called 


the 3270 electronic data 


every dav among I S 
processing 
system, it represents another major ad 
vance in bank automation equipment 
developed to curb rising operating 
costs and to alleviate a shortage of 
trained personnel. Designed to provide 
vutomatic proof and transit operations, 
the B270 will also convert “on—us”’ 
items to magnetic tapes for subsequent 
computer processing and may be used 
for automatic deposit analysis as well 


as account reconciliation services. 
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I-T-E Circuit Breaker 
Greensburg, Pa... 

The I-T-E Circuit Breaker Com- 
pany has just completed shipment of 
what is believed to be the first two 
345-kv double-break 
installed in this country. The switches 


switches to be 
are being installed in Consolidated 
Edison’s Dunwoodie Substation, at the 
southeastern terminus of the 345-ks 
transmission line extending across New 
York State from the Power Authority's 
Lewiston Switchyard at Niagara Falls. 
[The new switches are rated 1,300-k\ 
BIL, 1,600-amperes continuous, and 
70,000-amperes momentary rating, and 
are built on 5-inch bolt circle station 
post insulators. The switches, equipped 
with groundblades on both ends, are 
being mounted on 16-foot phase spac- 
ing. Rod gaps, as indicated by the ball 
shaped electrode are located near the 
grounding switch mounting frame at 


each end of the switch. They are used 





to control the negative impulse flash- 
over to ground, to insure Open gap Co- 
ordination under all conditions. Radio 
influence tests on the switch indicate 
RIV values of less than 200 microvolts 
when a single-pole switch was _ tested 
with 225 kv from live parts to ground. 


Texas Instruments 
Dallas, Texas... 


Texas Instruments Incorporated 
has announced that completely tran- 
sistorized stereophonic sound systems 
are now a practical reality as a result 
of new device and circuit developments 
in the germanium power transistor 
held. A new stereo amplifier has been 
built by the company to prove the 
feasibility of “‘all-transistorized”  sys- 
tems. The TI system will provide 20 


watts of sine wave power per channel 


from a distortionless amplifier circuit 


ITT 
Nutley, N. J... 
Development of two lightweight, 


standards 
clocks), which scientists say 


portable atomic frequency 
(atomic 
may prove to be accurate to less than | 
variation in 1,500 years, has been com 
pleted and delivery made to the U.S. 
Navy's Bureau of Ships by ITT Fed 
eral Laboratories, Nutley, N. J., re- 
search and manufacturing division of 
International Telephone and Tele 
graph Corporation. The present model 
weighs 55 pounds. Models now in the 
design stage, however, will weigh ap- 
proximately 30 pounds. The basic ele- 
ment of the ITT clock is a small cell 
filled with the = alkali 


cesium. The atoms of this vapor ex 


metal vapor 
hibit certain natural resonances to in 
duced radio waves. Under controlled 
conditions, these resonances can be de 
tected and made the basis for a very 
precise determination of frequency. 


Gulf Oil Corp. 
Pittsburgh, Pa... 


Scientists at Gulf Research & De- 
velopment Company, the research sub 
sidiary of Gulf Oil Corporation, re 
cently announced the development of 
the world’s first automated catalyst 
analyzer. The new analyzer can be 
programmed to measure and_ record 
automatically the microstructure of re 
fining catalysts. These mineral-like ma 
terials, whose inside surfaces contain 
billions of tiny holes and channels, are 


used by the petroleum processing in 
dustry to convert vaporized hydrocar- 
bons into lubricating and heating oils, 
high octane gasolines, and valuable 
chemicals. 

(Continued on page 50A) 
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AT LIQUIDATION PRICES 


(4) 8,000 KVA TRANSFORMERS— || im : ; f of 
NEW 1957 


GENERAL ELECTRIC TRANSFORMERS | 
CLASS FOW-T. 3 PHASE 60 CYCLE, | 
VOLTAGE RATING 13,200-175/350/525, | 
KVA RATING 8,000, CONTINUOUS 55 | 
DEGREE CENTIGRADE RISE, FORCED 
OIL AND FORCED WATER COOLED | 
| WITH 984% GALLONS PER MINUTE | 
| OIL CIRCULATING THROUGH COOLERS 
AND TRANSFORMER WITH 982 GAL- 
LONS PER MINUTE OF 32.4 DEGREES 
C. COOLING WATER CIRCULATING If interested and qualified. § In preparing for the challenge of aero/space 
THROUGH COOLERS, COMPLETE WITH please forward yourresume — in the 1960's, Convair/Fort Worth is ex- 
CONTROLS. to Mr. J.E.Goode, Assistant ~ panding in the field of sensors, guidance 
Chief Engineer, P.O. Box § and control, reconnaissance techniques, data 
LOCATED IN TENNESSEE 748E, Fort Worth, Texas. processing, and electronic systems. We are 
looking for imaginative and creative special- 
WRITE—WIRE—PHONE All qualified applicants will re. |. +‘ ISts capable of evolving advanced concepts 
ceive consideration for employ- and techniques both analytically and in the 


INDUSTRIAL PLANTS week colar oc allamabedain laboratory. 
CORPORATION 


90 West Broadway N.Y. 7, N.Y. lhe ceepanmapliay 


BArclay 7-4185 | CONVAIR/ FORT WORTH [Sgg@™mm GENERAL DYNAMICS 


FOR SALE | one step beyond pe 
eS 

















another <Q ubication Professional Opportunities Are Available For 
Electrical Engineers 


with interest and experience 


SOVIET COMPUTER in the following fields: 











TECHNOLOGY — 1959 e Design and Development of: 


ee Industrial Electronics and Power 
If you are interested in this subject, so ae 
you should read the report of the United Controls and Instrumentation 
States delegation to Russia in the tech- Electronics 
nical specialty of computers, May 1959. 
120pps., presented topically. Profusely e Operation & Maintenance of 
illustrated, with a bibliography of rele- . 
vant Soviet documents. Nuclear Devices 
Sponsored by the National Joint Com- 
puter Committee, the Institute of Radio 
Engineers (Professional Group on Elec- 
tronic Computers), the Association for For information please write to: 
Computing Machinery, and the AIEE 
(Committee on Computing Devices). Personnel Manager wSiONa A 
One dollar will deliver your copy. 
Specify S-120 to 





A Center for 


B ro oO be h av e n og + aan 
Levelopmen 
rma retencseree National 


SR RE 
Order Department Laboratory 
AMERICAN INSTITUTE UPTON, LONG ISLAND, N. Y. 
OF ELECTRICAL ENGINEERS 
33 West 39th Street, New York 18, New York 
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Arnold Enginering Co. 
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Bourns, Inc 
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ENGINEERS 


COMPUTER APPLICATIONS 
SYSTEM PLANNING 
RELAY 


AMERICAN ELECTRIC POWER 
SERVICE CORPORATION 


Forward Looking ® Investor Owned ® Power System 
COMPUTER APPLICATIONS 
Excellent career opportunity for an Electrical En- 
gineer with power system experience, to assume re- 
sponsibility for development of IBM 704 & 7090 
computer applications. Work in new section respon- 
sible for engineering, mathematical and program 
development on a company wide basis. 
RELAY ENGINEER 
Experienced engineer to plan, engineer & evaluate 
interconnected power network relay and automatic 
control systems. Responsibilities include working 
closely with system planning and other engineering 
specialists, system performance evaluation, and advis- 
ing customers on relay problems. 
SYSTEM PLANNING 
Electrical Engineer with 5-10 years experience in sys- 
tem planning to work on challenging problems in the 
area of power system analysis, generation and trans- 
mission planning. 
Salary open. Company ideally located in N.Y.C. 
for easy commuting to suburban areas 
All replies confidential. Send resume stating education, 


experience and salary desired to Herbert H. Cooke 
American Electric Power Service Corp. 


2 Broadway, New York 8, N.Y. 
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Personnel Service Inc. 
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CLASSIFIED ADVERTISING 


Regular classified advertisements set solid—no 
display—minimum 5 lines: $3.00 per line. No 
agency commission or cash discount allowed. 
Situation Wanted classified advertising for AIEE 
members: $2.00 per line, minimum 5 lines. Ad- 
dress orders to: Classified Section, ELECTRICAL 
ENGINEERING, 6th Floor, 33 West 39th Street, 
New York 18, N. Y. 


When answering an advertisement, send all re- 
plies to box number specified, c/o ELECTRICAL 
ENGINEERING, 6th Floor, 33 West 39th Street, 
New York 18, N. Y., unless other address is 
given. 











POSITIONS OPEN 


PROFESSOR OR ASSOCIATE PROFESSOR of 
Electrical Engineering to teach and do research 
in the field of communications. Should have 
Ph.D., teaching and research experience. Write 
Box 56 





PROFESSORS, all levels. Ph.D. required. Solid- 
state, electromagnetics, and engineering analysis 
especially. Income, with research, competitive 
with industry, Graduate program as large as 
undergraduate. Mile-high, dry climate. Chair 
man, Electrical Engineering Department, Uni 
versity of New Mexico, Albuquerque, New 
Mexico. 


INSTRUCTORS, Associates, Assistants for teach 
ing and research part-time position while work 
ing for M.S. and D.Sc. Large graduate program 
assures variety of offerings. Chairman, Electrical 
Engineering Department, University of New 
Mexico, Albuquerque, New Mexico 





ELECTRICAL ENGINEERING TEACHING. 
Further expansion in a relatively young depart 
ment provides attractive Opportunities. Positions 
available to the rank of Associate Professor with 
salary range of $7500 on a base of nine months, 
commensurate with professional experience and 
graduate education. Supplementary professional 
opportunities are expected in a technical indus 
trial area. Location: Southern New England. 
Box 132 


LIGHTING SALES REPRS. WANTED for 
quality line of architectural cold cathode light 
ing for coves; luminous/louverall ceilings and 
walls and custom lighting. Knowledge and ex 
perience in lighting sales engineering type of 
contacts with architects, engineers, lighting con 
sultants and electrical contractors is a 
requisite All territories open except greater 
New York City, Washington, D. C. and Con 
necticut areas. State territories covered and lines 
carried. Box 136 


prime 


RESEARCH ENGINEER for applied research 
work on basic approaches to small electric mo 
tors. Background required in Electromagnetics 
Salary $7,000 to $9,000. Send resume to Person 
nel Manager, Black and Decker Mfg. Co., Tow 
son 4, Maryland 


DESIGN ENGINEER, BSEE, for 
with electrical consulting firm. Experienced in 
motor controls, lighting, power, general con 
struction. Salary open. Uhl and Lopez, Box 8175, 
Albuquerque, New Mexico 


employment 


IFRANSLATOR, technical, free lance, home as- 
signments, must type. Previous experience essen 
tial. Preferably located in New York City area 
State language, technical specialty, rates. Box 
140. 








ELECTRICAL ENGINEERS—with degree and 
10 to 15 years experience in design and super 
vision of all phases of utility engineering re 
quired for position in near east. Salary open. 
Housing and_ transportation furnished’ with 
other Company benefits. All replys held confi 
dential. Send complete resume of qualifications 
ind personal information to: Miner and Miner 


JuLy 1961 
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International, Inc., P. O. Box 748, 
Colorado 


Greeley, 





ELECTRICAL ENGINEER—Large automobile 
manufacturing firm in Midwest has immediate 
opening. Require B.S. in Electrical Engineering 
with industrial plant experience to follow auto 
mated machinery installation and plant engi 
neering design including power distribution 
lighting, etc. Age range 25-45. Send complete 
resume and approximate salary requirement to 
Box 144 


DEPARTMENT HEAD. Head professor for 12 
man E. E. department. Excellent opportunity 
for energetic and progressive Ph.D. with experi 
ence and potential to build, administer, and 
participate in a balanced program of teaching, 
research, and extension. Box 145 


POSITIONS WANTED 


PROFESSOR OF ELECTRICAL ENGINEER- 
ING, age 38, Ph.D, 15 years teaching and indus 
trial experience, research, publications, desires 
challenging position in education or industry 
Box 137 


ELECTRICAL ENGINEER, B.S.E.F 30. Six 
years experience in process engineering for chem 
ical process plant. Desire responsible position in 
process engineering, design and development or 
maintenance engineering. Prefer Southeastern lo 
cation but will consider others. Box 159 


PFEACHING OR ENGINEER POSITION in a 
foreign country. BSEE, MSEE, mathmatics. Ex 
periences include teaching, research and indus 
trial design in computer, control. Resume at re 
quest. Box 141 


ELECTRICAL OPERATIONS. BSEE, 43. Past 
ten years responsible administrative and func 
tional supervision of system, load, plant, and in 
terconnected operation. Other experience coor 
dinator and starting supervisor, and manufac 
turer's representative-Sales. $10,000. Box 142 


MSEE, former assistant professor of electrical en 
gineering with R and D experience in control 
systems and computers, desires to return per 
manently to teaching, with an opportunity to 
complete doctorate work. Location— 
east, or southwest. Box 143 


south, south 


SPECIAL ADVERTISEMENT 


WAN TED—comprehensive electrical library by 
manufacturer, Will purchase intact. Reply giv 
ing contents, price and location for inspection 
Box 135 





NOTE 
Be sure to address all Personnel Serv- 
ice box numbers to Box —____ 
ENGINEERING SOCIETIES 
PERSONNEL SERVICE, INC. 


8 West 40th Street 


New York, N. Y. 
































1959 NATIONAL 
TELEMETERING 
CONFERENCE 


MAY 1959 


The 40 papers included in 
publication T-115 were pre- 
sented at the National Tele- 
metering Conference held 
in Denver, Colo., May 24- 
27, 1959. 


Sponsored by the AIEE, the 
Instrument Society of 
America, the American 
Rocket Society, and the In- 
stitute of Aeronautical 
Sciences, the theme of the 
1959 Conference was “In- 
vestigation of Space.” 


Cost of the 411l-page publi- 
cation is $6.50. 


Order Department 
AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 

33 West 39th Street 

N@w York 18, N. Y. 
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IBM 
Yorktown, N.Y... 


\ new research program to improv 
the manufacture of paper through the 
use of computer control is under way 
i 


he companys new research cente) 


at Yorktown, N.Y. IBM scientists con- 
cerned with both the paper and ink 
and control systems fields are combin- 


their efforts in the project, in 


a number of paper companies 
and manufacturers of paper machines 
are co-operating An experimental 
Fourdrinier paper machine, a_ scale 


model of ones used in paper mills, has 
been installed in the research center. 
\im of the program is to regulate and 
control the Fourdrinier machine to 
produce uniformly high quality paper 
Paper is the most economical material 
for the familiar IBM cards. However 
there are certain physical properties of 


paper that sometimes cause problems 


] 


in Gata processing 


Paper normally ex 
s subjected to high tem 


peratures ind/or 


pands if it 
humidity. Accurate 
computer print-out depends on_ the 
precise alignment of the columns. In 
to develop a paper with uniform 
properties, papermaking 

more practical science 


yf computer to control 


nherent variables. 


Servomechanisms, Inc. 
El Segundo, Calif. . . 


Che Redstone Missile that launched 
Comdr. Alan B Shepard, Jr. into space 
from (¢ ipe Canaveral was loaded with 
LOX) through the use 
of Servomechanism’s LOX Tanking 
ind once launched an SM/I 


Chrust Control System maintained the 


id oxygen 
Computer 
thrust level of the liquid propellant 
rocket engine at the specified magni 
tude. SM/I’s (LOX) Tanking System, 
SM/I Type TMC 602, accurately meas 
ures, controls and indicates the level of 
liquid oxygen in the missile tanks. The 
entire computer is encased in a pro 
tective cover, which is designed to 
withstand the extreme conditions gen 
erated by the missile firing. The PM¢ 
602 is the main building block in the 
process of obtaining a completely au- 


tomatic propellant loading system 
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Walter Kidde & Co., Inc. 
New York, N.Y... 


Electron- 
Kidde & 
Company, Inc., was announced recently. 


Formation of the Kidde 
ics Laboratories by Walter 


The laboratories, combining the elec 
tronics research and development ac- 
tivities of the parent company, are 
active in the fields of thermistors, 
power supplies, static relays, and con- 
tactors, and the development of new 
electronic products for commercial, 
aircraft, and missile applications, and 


special ground handling equipment. 


Autonetics 
Downey, Calif... 


Ground-breaking for Autonetics’ $2 
million research center for study and 
experimentation in advanced micro- 
electronics took place recently on the 
North Aviation 
property in the east part of 


American division's 


Anaheim 


(Calif.). By vear’s end 200 persons— 


chiefly scientists and engineers—will be 
employed at the center. The 60,000- 
square-foot building will be dedicated 
to advancing technology in electronics 
and electromechanics in three areas: 
physical, systems, and components. 


Arthur D. Little, Inc. 
Cambridge, Mass... 


Rubies, sapphires, and silicon car- 
bide crystals needed for advanced elec- 
tronic devices will be grown in a new, 
multipurpose, high-intensity, arc imag- 
ing furnace. Developed by Air Force- 
Cambridge Research 
Bedford, Mass., and 


Inc., this 


Laboratory in 
Arthur D. Little, 


“clam shell” furnace uses 


two Opposing Concave mirrors to Cap- 
ture radiant energy from an electric 
arc and focus it into an area 14 inch 
in diameter to create temperatures in 
excess of 3,500 Kelvin (6,700 F). 
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Digitronics Corp. 
Albertson, N.Y... 


Iwo electronic converters, designed 
to accommodate the Japanese as well 
as the English language, have been 
sold by the Digitronics Corp. to Rem- 
ington Rand International, for use in 


Japan. The which are 
solid-state and bi-directional, are the 
first of their kind ever to be used in 
Japan. Normally, converters provide 
for an alphabet of 26 characters. To 
handle data in both English and Japa- 
nese, this equipment is capable of pro- 


converters, 


viding 96 characters. The converters 
will be used to convert data from per- 
forated paper tape to magnetic tape, 
and from magnetic tape to paper tape, 
at high speed in both directions. 


English Electric 
West Burton, England... 


Four 500-mw single-line turbo al- 
ternators are to be built for a new 
power plant in Britain which, at 2,000 
mw, are said to have a higher over-all 
capacity than any station now in oper- 
ation or under construction anywhere 
in the world. The new $40 million 
plant, which will supply enough elec 
tricity to meet the needs of a city of 
more than 2 million people, will be 
sited at West Burton in the Trent Val 
ley. The first generating unit will come 
into operation in 1965 and the plant 
should be fully commissioned by the 
end of 1967. 


Westinghouse Electric Corp. 
Pittsburgh, Pa... 


The Westinghouse Electric Corpo- 
ration will build two 330,000-kw tur 
bine-generator units for the Pacific Gas 
and Electric Company’s (PG&E) plant 
at Morro Bay, Calif. They are part of 
a project which will triple the electric 
generating capacity of that power 
plant. Construction has been started 
on the first turbine-generator, with 
completion scheduled for 1962. The 
second unit is scheduled for delivery 
in 1963. PG&E calculates that the en- 
larged Morro Bay plant will produce 
5 billion kw-hr a year. 
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SEE RAPID MOTION 
WITHOUT BLUR 


for Speed Measurement and Motion Analysis of these and 
many other Mechanical Actions 













Fuel-spray 
formation — 


Automatic camshaft 
grinding 












Helicopter blade 
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shake table application 















e Peak light intensity is as high as 4 
pesbUebtepeMel-t-bester:seleel-jelek sw 

e 1-to 3-microsecond flash duration 
freezes motion, lets you see details 
you’ve never seen before. 

e Measures speeds to 25,000 rpm di 
rectly; useful to 250,000 rpm. 

e Many other features — Write for the 

Strobotac Bulletin. 


Type 1531-A Strobotac® Electronic Tachometer and Motion Analyzer... $260 


Write for Complete Information GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 
NEW YORK, WOrth 4-2722 CHICAGO PHILADELPHIA SAN FRANCISCO LOS ANGELES IN CANADA i 
To > 


; field, WHitney 3-3140 Ock Park Abington Silve Dri Los Altos Los Angeles 
NEW JERSEY, Ridgefield, WHitne Village 8-9400 HAncock 4-7419 5-10 WHitecliff 8-8233 HOllywood 9-6201 CHerry 6-2171 


HOW GOOD IS... 





AN IMITATION Ampt 


for 
600 Volts 


Amptrap 


fAmip-trap 


Amptrap 


SBETTER ABiGGER 
>) THAN Rina, 


_ 


Amp-traps are our products. We originated and developed them. 
We alone manufacture them. They are so good that others are 
now imitating them. This is flattering because it indicates Amp- 
trap is superior. But, don’t be confused by imitations. 


“Just like Amp-trap.” “As good as Amp-trap.” “Works like 
Amp-trap.” “Better than Amp-trap.” These are the deceptive 
phrases that imitators must use. Without them they can 
neither explain nor sell their substitutes. 


Whenever you need Amp-trap, you want Amp-trap — not an 
imitation or a substitute. Amp-trap is a very special current 
limiting device with high interrupting capacity. Regardless of 
claims, imitations aren’t enough. More than 27 patents prove 
it. Nothing takes the place of Amp-trap! For your own pro- 
tection specify Amp-trap. Then — make sure you get it. 
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